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Foreword 


Many  minds,  youthful  or  mature,  want  always  to  know  causes — why 
the  radio  speaks  or  whence  the  wind  comes  and  whither  it  goes.  Those 
in  this  fortunate  state  of  curiosity  are  led  to  examine  new  facts  and  old, 
to  search  for  additional  information,  to  evaluate  facts.  They  are  directed 
to  the  framing  of  hypotheses,  to  testing  them  by  experiment  and  observa¬ 
tion,  then  to  provisional  acceptance  or  amendment.  Finally  they  are  led 
to  comparison,  to  generalization,  to  the  concept  of  law. 

The  graveyard  of  once-credited  scientific  theories  and  axioms  and  the 
mistakes  of  pupils  serve  to  educate  no  less  than  do  brilliant  explorations. 
Pupils  are  led  to  see  that  the  generalizations  that  seem  adequate  at  one 
stage  of  investigation  are  often  inadequate  in  the  light  of  new-found 
facts.  Science  is  shown  as  always  tentative. 

Not  accumulation  of  memorized  facts  and  principles  but  habituation 
to  the  scientific  attitude  toward  common  experience,  as  well  as  toward  the 
strange  and  new,  is  the  better  goal  of  general  science.  Respect  for  facts 
and  their  interpretation,  an  attitude  of  open-mindedness,  a  willingness  to 
accept  the  tentative  explanation  when  facts  warrant  and  to  suspend 
judgment  when  explanation  cannot  be  reached — these  are  habits  to  be 
established  by  the  study  of  science.  This  text  reminds  pupils  through 
their  study  that  they  must  face  all  problems  with  open  minds. 

The  facts  and  principles  of  the  science  course  are  abundantly  de¬ 
veloped.  Pupils  will  be  familiar  with  them  by  the  end  of  the  course.  But 
the  open-minded  zeal  to  know  and  to  apply  scientific  processes  to  a  chang¬ 
ing  world  will  enable  them  to  learn  from  the  newspaper,  the  magazine, 
the  museum,  the  scientific  report,  and  the  daily  experience.  The  approach 
to  study  is  common  experience;  yet  the  pupil  is  not  limited  to  the  science 
of  everyday  problems.  The  unfamiliar  and  the  distant  are  as  fascinating 
to  younger  minds  as  to  older.  The  sublime  measures  of  space  are  as 
essential  to  an  appreciation  of  man’s  efforts  as  is  the  science  of  the 
kitchen  sink.  The  open  places  will  unfold  to  the  pupil  their  fascinating 
problems  of  life.  Here  also  he  will  learn  something  of  earth  s  past  as 
well  as  man’s  adaptation  to  its  features  and  forces. 

The  connecting  thread  of  the  various  problems  is  the  study  of  energy. 
The  text  presents  energy  as  manifested  in  natural  phenomena,  in  man  s 
struggle  against  the  forces  of  nature,  in  his  study  of  their  causes  and  con¬ 
ditions,  and  their  ultimate  control  in  the  performance  of  his  work.  Life 
is  presented  as  a  complex  of  energy  transformations.  The  adaptation  of 
living  things  to  their  environment  is  their  adjustment  of  activity  and 

2704065 


v 


VI 


FOREWORD 


structure  to  make  use  of  supplies  of  energy  and  material.  Reciprocally, 
their  activity  is  determined  by  the  supplies  of  energy  that  they  can  tap. 
Man’s  intentional  adaptation  to  his  environment  is  developed  as  the  con¬ 
trol  of  energy  as  well  as  of  material. 

The  varying  ability  of  pupils  is  recognized  through  the  text.  Material 
and  appropriate  experiments  beyond  the  “minimum  essentials”  are  in¬ 
cluded  in  the  text  and  indicated  as  optional  or  are  inclosed  in  brackets. 
At  the  ends  of  units  are  questions  to  think  out  and  further  suggestions 
for  investigation  and  experiment.  Experience  has  shown  that  most  pupils 
enjoy  matching  their  abilities  and  knowledge  of  facts  with  challenging 
questions. 

This  book  presents  general  science  as  the  interpreter  of  environment, 
as  parent  of  the  open  mind,  as  guide  to  tested  thought  and  reasoned 
conclusions.  It  seeks  to  develop  the  challenger  of  tradition,  the  foe  of 
wishful  thinking.  In  the  lightning  changes  of  a  changing  world  it  aims 
to  develop  a  habitual  reliance  on  open-minded  study  of  established  facts. 
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Learning  What  Surrounds  Us 


Try  to  imagine  yourself  living  in 
the  Old  Stone  Age.  You  sleep  in  a 
cave  on  a  bearskin  or  a  pile  of 
branches  and  dead  grass.  You  cover 
yourself  with  another  skin — if  you 
have  it.  In  the  morning,  if  there  is 
a  piece  of  bear  meat,  wild  ox,  or 
pony  left  over  from  the  previous 
day,  you  rub  together  two  sticks  to 
kindle  a  fire  to  roast  it.  If  there  is 
no  meat  left,  you  just  do  not  eat. 
You  do  not  bother  to  wash.  Sanita¬ 
tion  is  unknown  to  you;  besides  you 
have  nothing  to  carry  water  in  ex¬ 
cept  perhaps  a  skin,  and  no  vessel 
in  which  to  heat  it. 

Early  in  the  morning  the  men 
take  up  stone  hammers,  clubs,  or 
poles  hacked  to  a  point  with  a  sharp 
flint  and  hardened  in  a  fire.  They 
go  out  to  hunt.  If  they  are  success¬ 
ful,  the  family  eats.  If  they  find  no 
game,  it  is  merely  another  hungry 
day,  and  you  are  used  to  them. 
While  the  men  are  away,  the  women 
and  children  search  the  river  edge 
for  mussels  and  crawfish  or  they 
dig  in  the  earth  with  sticks  for  roots. 
The  older  women  use  sharp  stones 
to  scrape  away  the  flesh  from  the 
skins  of  slain  animals.  Scraping 
skins  and  chipping  stone  implements 
are  the  only  industries.  The  style  in 
clothes  is  fur — a  bearskin  thrown 
over  the  shoulder,  nothing  more. 


When  the  weather  is  warm,  no  cloth¬ 
ing  is  worn.  There  is  no  thread; 
sewing  has  not  been  invented.  When 
game  becomes  too  scarce  to  supply 
food  and  fur,  the  family  take  up 
their  stone  hammers,  pointed  staves, 
and  skins  and  trudge  away  to  an¬ 
other  hunting  ground.  At  least  it  is 
a  simple  matter  to  move. 

Now  put  yourself  on  a  modern, 
“progressive”  farm.  Machinery 
plows,  sows,  reaps,  and  threshes. 
It  chops  and  mixes  food  for  the 
stock  and  milks  the  cows.  Machinery 
cools  the  milk  and  hauls  it  to  mar¬ 
ket.  From  factories  and  stores  it 
brings  back  food  supplies,  prepared 
elsewhere  by  machinery;  also  cloth¬ 
ing,  household  goods,  and  more 
machinery.  Electricity  lights  house 
and  bams  and  runs  household  and 
farm  machinery.  Radio  brings  crop 
reports,  news  of  the  world,  and  en¬ 
tertainment.  In  the  fields,  garden, 
and  orchard  are  plants  and  animals 
that  did  not  exist  in  the  time  of  the 
cave  men. 

Once  again,  put  yourself  in  a 
modern  city  apartment  or  dwelling. 
Winter  and  wet  weather  do  not  exist 
indoors.  In  the  hasty  run  from  home 
to  office,  factory,  or  movie  theater, 
heated  vehicles  may  take  you  from 
one  building  to  another.  All  about 
you  are  the  products  of  man’s  hand 
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The  skunk  cabbage  grows  in  moist 
fields  and  along  stream  banks 

Hugh  Spencer,  Black  Star 


and  brain.  From  grapefruit,  bana¬ 
nas,  and  coffee  at  breakfast — fruits 
of  the  distant  warm  parts  of  the 
earth — to  the  printed  paper  at  office 
and  school  or  the  steel  at  the  mill, 
everything  has  been  made  or  brought 
by  machinery.  Check  over  the  things 
that  you  meet  in  the  course  of  a 
day.  If  you  live  in  the  city,  you  may 
not  be  able  to  find  a  single  thing  as 
nature  left  it. 

Nature’s  gifts.  What  has  changed 
man  from  the  slave  of  nature  to  its 
master?  Has  nature  become  more 
bountiful  and  kindly  disposed  to¬ 
ward  man  since  the  Old  Stone  Age? 
Not  at  all.  Man  has  created  his 
modern  comforts  and  conveniences 
by  developing  and  changing  the 
things  about  him.  Learning  the  laws 
of  nature,  he  has  been  able  to  use 


nature’s  supplies  and  to  apply  its 
powers  to  his  own  advantage. 

Nature  supplies  the  bare  neces¬ 
sities  of  life.  There  is  air  to  supply 
oxygen,  which  is  needed  by  living 
things  from  man  to  microbes,  by 
plants  as  well  as  animals.  There  is 
water,  which  no  living  thing  can 
do  without.  There  is  heat,  equally 
necessary  for  life.  There  is  light, 
which,  as  we  shall  see,  is  the  power 
that  makes  all  our  food.  There  is 
soil,  necessary  for  the  production  of 
food  for  those  that  tread  the  land. 
All  these  necessities  lie  about  us. 
The  sum  of  all  things  that  make  up 
our  surroundings  we  call  our  envi¬ 
ronment. 

Fitting  the  environment.  The 

necessities  of  life  are  not  equally 
abundant  in  every  environment.  In 
the  depth  of  the  sea  there  is  an 
abundance  of  water  but  a  dearth  of 
free  air  and  light.  In  the  desert  the 
situation  is  reversed.  In  the  icy  re¬ 
gions  of  the  poles  and  on  the  moun- 
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The  mullein  prefers  sunny  pastures 
and  dry  hillsides 

Hugh  Spencer,  Wisconsin  Conservation  Dept. 


tain  tops,  the  necessary  heat  and 
water  are  too  scarce  for  most  plants 
and  animals.  In  the  artificial  envi¬ 
ronment  of  the  city  many  people 
suffer  from  the  dearth  of  sunshine 
and  open  air.  Most  living  creatures 
find  the  best  conditions  of  life  in 
lands  of  abundant  rain  and  sun. 

All  living  creatures  from  man  to 
worms  and  bacteria  must  fit  into 
their  environment.  A  fish,  a  crab,  or 
an  oyster  must  get  its  oxygen  from 
water.  Lungs  would  never  do,  but 
gills  of  various  sorts  have  devel¬ 
oped.  Travel  through  the  water  is  a 
very  different  problem  from  travel 
on  the  land.  The  seal,  a  very  dis¬ 
tant  relative  of  the  dog,  is  descended 
from  ancestors  that  took  to  the  sea 
for  food  and  safety.  Seals’  legs  and 
dogs’  legs  have  developed  in  very 
different  environments,  but  for  the 
same  purpose  of  getting  about.  A 
creature  must  have  a  body  adapted 
to  its  environment,  or  it  dies  (pages 
8  and  9). 


Plants,  no  less  than  animals,  are 
adapted  to  live  each  in  its  own  par¬ 
ticular  environment.  A  desert  plant 
is  built  to  hold  water  and  its  thick 
“hide”  and  compact  form  reduce 
evaporation.  On  the  contrary,  a  tree 
in  the  pasture,  pictured  on  page  7, 
spreads  its  branches  wide  and  high 
to  catch  the  sun.  The  seaweed,  with 
a  flexible  stem,  floats  with  the  waves 
where  a  tree,  because  of  the  rigidity 
of  its  trunk  and  branches,  would  be 
dashed  to  pieces. 

Changing  the  environment. 
You  have  perhaps  seen  a  piece  of 
ground  left  bare  by  a  power  shovel 
later  invaded  by  weeds  and  then  by 
grass.  The  weeds  and  grass  do  not 
leave  the  ground  as  they  found  it. 
If  crops  had  been  planted  in  the 
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bare  soil  left  by  the  steam  shovel, 
they  probably  would  have  died.  But 
after  generations  of  weeds  and  grass 
have  lived  and  died,  topsoil  is 
formed  again  and  crops  can  grow. 
Both  plants  and  animals  sometimes 
modify  their  surroundings.  Plants 
growing  in  a  pool  often  make  great 
changes  in  the  pool  in  the  course  of 
a  year  or  two,  or  even  in  the  course 
of  a  summer.  Small  lakes  may  be 
entirely  filled  up  and  converted 
into  land  by  plants.  You  may  have 
seen  the  changes  wrought  by  the 
inhabitants  of  an  anthill  or  of  a 
prairie-dog  town.  In  many  ways 
plants  and  animals,  like  men,  change 
their  environment. 

The  swiftest  changes  in  environ¬ 
ment  wrought  by  living  things  are 
those  by  man.  The  cave  man,  it  is 
true,  made  little  more  change  than 
did  the  bears  and  other  dwellers  of 


the  caves.  Perhaps  he  hacked  down 
a  few  small  trees  with  his  stone 
axes;  he  broke  stones  to  make  his 
implements;  he  reduced  for  a  time 
the  number  of  those  animals  that 
he  hunted  about  his  cave.  Beyond 
these  changes  he  did  little  to  alter 
the  wilderness  about  him,  but  he 
had  begun  to  learn  to  do  things  in 
ways  that  were  to  bring  vast  changes 
in  the  days  of  his  successors.  He  had 
learned  to  use  the  stone  hammer  to 
slay  a  cave  bear,  bigger  and  might¬ 
ier  than  he.  He  had  learned  to  pro¬ 
tect  his  naked  body  with  the  bear’s 
thick  skin.  More  momentous  still, 
he  had  learned  to  make  and  to  use 
fire.  Man’s  control  over  his  environ¬ 
ment  had  begun. 

From  such  small  beginnings 
man’s  power  has  grown  until  he  has 
now  changed  the  face  of  the  earth 
(page  6).  Forests  that  covered  the 


Prairie  dogs  change  their  environment  by  digging  burrow  villages 
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eastern  half  of  the  United  States  a 
century  or  two  ago  are  replaced  by 
farms  and  great  cities.  Similar 
changes  passed  over  Europe  and 
Asia  centuries  earlier. 

Man,  like  other  animals  and 
many  plants,  often  finds  that  he  is 
unable  to  live  amidst  the  changes 
he  has  wrought.  Destructive  lumber¬ 
ing  and  poor  farming  have  made 
thousands  of  acres  barren.  However, 
unlike  more  lowly  creatures,  man  in 
modern  civilization  seeks  to  turn 
back  the  tide  of  destruction  and  to 
restore  the  land  to  uses  that  will 
profit  him.  Modern  governments  are 
using  science  to  save  and  restore  a 
gift  of  nature  that  man  cannot  do 
without — the  land. 

Learning  how  nature  acts. 
Stone  Age  man  watched  the  cave 
bear  and  learned  to  slay  him  as  he 
emerged  from  his  narrow  lair  within 
the  cave.  He  learned  to  select  the 


kind  of  stone  that  broke  with  a  sharp 
edge  and  that  had  sufficient  strength 
and  weight  for  a  weapon.  He  learned 
to  shape  the  ax  and  to  bind  it  to 
the  haft  with  the  sinews  of  the  ani¬ 
mals  he  ate.  He  studied  his  environ¬ 
ment,  living  and  nonliving.  Thus 
man’s  power  over  nature  has  grown 
because  he  has  learned  nature’s 
secrets. 

The  scientist  today  studies  his  en¬ 
vironment  with  the  same  five  senses 
that  the  cave  man  used.  He  has  no 
other  means  of  learning  what  lies 
about  him.  But  he  has  learned  to 
make  new  things  visible  and  audi¬ 
ble.  There  are  waves  of  energy 
coming  to  us  from  the  depths  of 
space  that  do  not  affect  our  eyes, 
ears,  or  other  organs  of  sense.  But 
the  instruments  of  science  change 
the  wave  motions  to  other  wave  mo¬ 
tions  that  we  can  perceive — as 
sounds  or  gleams  of  light  or  streaks 


Water  plants  gradually  turn  small  ponds  into  dry  land 


J.  C.  Allen  and  Son 
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Man  alters  his  environment  in  many  ways.  Irrigation  is  one 


and  spots  on  a  photographic  plate. 
Though  the  organs  of  the  body  have 
scarcely  changed  since  cave-man 
days,  our  knowledge  has  changed. 
Man  has  built  on  the  discoveries 
of  man.  He  has  learned  to  search 
for  the  causes  of  nature’s  acts. 

Little  more  than  a  hundred  years 
ago  an  old  woman  was  hanged  be¬ 
cause  a  young  woman  died  after  the 
“Old  Witch”  passed  the  door.  Less 
than  a  year  before  this  page  was 
written,  a  farmer  threw  a  horse  col¬ 
lar  at  a  black  cat  that  entered  the 
stable,  and  next  day  the  horse  died. 
The  farmer  sought  a  “witch  doc¬ 
tor”  to  learn  how  to  make  amends 
to  the  black  cat  so  that  no  more 
“bad  luck”  would  come  to  him.  Did 
the  young  woman  die  because  the 
old  woman  passed  the  door?  Did 
the  horse  die  because  the  farmer 
threw  the  horse  collar  at  the  black 
cat? 

We  say  that  the  old  farmer  and 
those  who  hanged  the  “witch”  were 
superstitious.  Like  the  rest  of  man¬ 


kind,  they  sought  to  find  the  causes 
of  events.  But  like  many  other  men 
and  women,  they  failed  to  distin¬ 
guish  a  happening  that  follows  an 
event  merely  by  chance,  from  a  hap¬ 
pening  that  is  really  caused  by  a 
preceding  event.  They  did  not  dis¬ 
tinguish  sequence  (following)  from 
cause  and  effect.  Science  is  never 
satisfied  until  it  has  shown  by  re¬ 
peated  observation  or  controlled  ex¬ 
periment  that  one  event  actually 
causes  the  second. 

Proof  by  experiment.  Suppose 
a  new  malady  spreads  among  cattle 
until  hundreds  sicken  and  die.  We 
may  guess  at  the  cause.  What  we 
guess  depends  upon  what  we  know 
of  similar  events.  If  we  know  noth¬ 
ing  of  disease  germs,  we  may  guess 
that  the  gods  are  punishing  us,  or 
we  may  blame  it  on  a  witch.  If  we 
are  familiar  with  disease  germs,  we 
may  guess  that  the  misfortune  is  due 
to  germs. 

The  scientist  first  observes  care¬ 
fully  the  course  of  the  disease,  its 


beginning,  the  appearance  of  the  ^ 
animals,  their  action,  feeding,  tem- 
perature,  all  the  indications  of  dis-  J  * 
ease— the  symptoms,  as  the  doctor  r 
says.  Then  he  searches  the  bodies  1 
of  sick  and  dead  animals  for  disease 
germs.  If  he  finds  some  that  he  sus- 

. 


pects,  he  may  guess  that  they  cause  Shhi 
the  disease.  In  scientific  language,  BBb|L 
instead  of  saying  he  guesses,  we  say 


that  he  forms  a  hypothesis. 

When  he  finds  suspicious  germs 
in  sick  and  dead  animals,  has  he 
proved  that  they  cause  the  disease? 


1VT  TT  r  n  i 

JNo.  He  must  perform  a  controlled 


experiment.  He  must  inject  the 
germs  into  healthy  animals  and 
produce  the  disease.  Even  then  he 

f  ii-  ii 

has  not  proved  his  guess  or  hypoth- 
esis  to  be  correct.  He  must  again 
find  the  germs  in  the  animal  that  jj 
he  injected.  These  steps  in  proving 
the  cause  of  a  disease  were  worked  [S 
out  ’ 
ogist 

1910),  one  of  the  founders  of  mod¬ 
em  scientific  medicine. 


Plants  are  adapted  to  their  environment. 
The  beech  spreads  its  branches  to  catch 
the  sunlight  in  the  open  meadows,  the 
cactus  is  protected  from  desert  evapora¬ 
tion  by  a  thick  skin  and  its  stem  stores 
water,  the  pliant  stems  and  hairlike 
leaves  of  water  plants  keep  them  from 
being  broken  by  the  moving  water 


( 1 )  Ewing  Galloway,  N.Y.,  (2)  Black  Star, 

(3)  Hugh  Spencer 
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Animals  are  adapted  to  their  environment.  A,  Gills  extract  oxygen  from  the 
water.  B,  Branching  tubes  carry  air  through  the  bodies  of  insects.  C,  Lungs  of 
large  land  animals  extract  oxygen  from  the  air 


All  experiment  of  Pasteur.  A 

certain  experiment  performed  by 
the  great  Frenchman  Pasteur  (1822- 
1895),  another  of  the  founders  of 
modern  medicine,  shows  us  what  a 
controlled  experiment  should  be.  In 
many  parts  of  Europe  a  terrible 
malady  known  as  splenic  fever 
(fever  of  the  spleen),  or  anthrax , 
was  sweeping  away  cattle,  horses, 
sheep,  and  sometimes  men  and 
women.  At  an  earlier  time  60,000 
people  had  died  in  one  outbreak 
before  the  disease  had  stopped. 
The  germs  of  the  disease  had  been 
found,  and  Pasteur  sought  to  show 
that  the  disease  could  be  prevented 
by  vaccination.  His  vaccine  for  the 
prevention  of  the  disease  was  a  mix¬ 
ture  of  the  living  germs  that  had 
been  weakened  by  growing  at  high 
temperatures. 

A  large  group  of  scientific  men 
and  others  gathered  to  see  Pasteur 
answer  by  an  experiment  the  ques¬ 
tion,  “Will  vaccination  by  these 
weakened  germs  prevent  splenic 


fever?”  The  experiment  lasted 
twenty-eight  days.  Fifty  sheep  were 
chosen  for  the  experiment.  Twenty- 
five  sheep  were  vaccinated.  The  rest 
were  not  vaccinated.  The  vaccina¬ 
tion  consisted  in  injecting  the  weak¬ 
ened  germs  under  the  skin.  Twelve 
days  later  the  vaccinated  animals 
received  a  second  vaccination.  Two 
weeks  later  all  fifty  sheep  were  in¬ 
jected  with  the  strong  living  germs 
that  cause  the  disease.  Four  days 
afterward  all  the  un  vaccinated 
sheep  had  died  of  splenic  fever 
and  the  vaccinated  sheep  were  alive 
and  healthy.  The  bodies  of  the  dead 
sheep  were  opened  and  examined, 
and  the  germs  of  splenic  fever  were 
found. 

What  is  a  controlled  experi¬ 
ment?  A  controlled  experiment  is 
an  attempt  to  find  whether  your 
guess  or  hypothesis  is  correct.  Do 
the  bacteria  cause  the  disease?  Can 
a  certain  vaccine  prevent  a  certain 
disease?  Will  a  current  of  electric¬ 
ity  decompose  water?  Does  salt 
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water  freeze  at  the  same  tempera¬ 
ture  as  fresh  water? 

An  experiment  to  prove  or  dis¬ 
pose  a  hypothesis  gives  the  answer 
to  a  question.  You  must  frame  such 
a  question  before  you  perform  the 
experiment.  If  you  cannot  form  a 
simple  question,  you  are  not  ready 
to  perform  such  an  experiment. 

The  second  step  is  to  perform  the 
experiment.  It  must  be  simple;  you 
must  attempt  to  answer  only  one 
question  at  a  time.  To  prove  a  hy¬ 
pothesis  there  must  be  no  doubt  of 
the  answer.  Pasteur  found,  for  ex¬ 
ample,  that  after  the  bacteria  were 
injected  into  an  animal’s  body,  it  be¬ 
came  sick  or  it  did  not  become  sick. 

Planning  the  experiment  involves 
selecting  suitable  material  with 
which  to  work.  This  is  often  a  very 
difficult  part  of  the  experiment. 
Sometimes  an  experiment  is  delayed 
for  years  until  suitable  material  is 
found.  In  Pasteur’s  experiment  with 
vaccination  against  splenic  fever 
the  following  material  was  re¬ 
quired:  sheep,  weakened  germs, 
strong  germs,  hypodermic  syringes 
for  injection,  thermometers  for  tak¬ 
ing  the  temperature  of  the  sheep, 
sheep  pens,  feed,  etc. 

Sometimes  in  medicine  it  is  very 
difficult  to  get  the  material  for  the 
experiment.  You  would  not  care  to 
test  pneumonia  germs  by  giving 
them  to  a  healthy  person.  Fortu¬ 
nately,  pneumonia  germs  affect 
mice.  Mice  are  part  of  the  material 
for  pneumonia  experiments.  In  1910 
only  man  was  known  to  harbor  yel¬ 


low  fever  germs.  What  could  be 
used  to  study  the  disease?  Dr.  Wal¬ 
ter  Reed  and  his  fellow  workers  of 
the  United  States  Army  could  not 
use  lower  animals  to  find  the  an¬ 
swer  to  their  question,  “Does  a  cer¬ 
tain  kind  of  mosquito  carry  yellow 
fever?”  On  page  428  you  may  read 
of  the  brave  men  who  offered  them¬ 
selves  as  material  for  the  experi¬ 
ment  and  how  the  question  was 
answered  by  illness  and  death. 

After  obtaining  suitable  experi¬ 
mental  material,  the  next  step  is  to 
perform  the  experiment  and  record 
the  results. 

The  final  step  in  experiment  is 
to  decide  whether  the  results  give 
an  answer  that  cannot  be  doubted, 
and  what  that  answer  is. 

Experiments  in  this  course. 
The  experiments  that  are  outlined 


Seals  and  dogs  are  blood  relatives, 
hut  are  adapted  to  different  environ¬ 
ments.  The  seal’s  leg  is  a  broad,  short 
flipper  for  paddling  in  the  water. 
The  dog  runs  on  his  toes  and  on  legs 
that  give  speed 


INTRODUCTION 


for  this  course  in  science  follow 
these  steps: 

1.  Question:  What  is  the  experi¬ 
ment  to  determine? 

2.  Materials:  What  materials 
are  needed  to  perform  the  experi¬ 
ment? 

3.  Method  or  directions:  What  is 
to  be  done  to  perform  the  experi¬ 
ment? 

4.  Results:  What  happened  in  the 
experiment? 

5.  Conclusion:  From  what  you 
saw,  what  answer  can  you  give  to 
the  question? 

6.  Applications:  What  similar 
questions  can  you  answer  by  using 
these  results  and  conclusions? 

Now  perform  Experiment  1. 
Then  make  a  report  of  it  in  your 
notebook.  Write  down  the  six  steps. 


Some  of  them  are  to  be  copied  di¬ 
rectly.  Others  can  be  completed 
only  after  you  have  performed  the 
experiment.  Under  the  heading  Di¬ 
rections,  add  a  drawing  of  the  ap- 
paratus  to  your  account  of  the  pro¬ 
cedure. 

Experiment  1 

Question:  Does  a  quart  of  milk  weigh 
the  same  amount  as  a  quart  of  water? 

Materials:  A  one-quart  milk  bottle, 
empty;  platform  balance;  weights;  a 
quart  of  milk;  a  quart  of  water. 

Directions:  Fill  the  empty  milk  bottle 
to  the  top  with  water.  Weigh  it  accur¬ 
ately,  and  note  the  weight.  Empty  the 
bottle.  Dry  it.  Fill  the  same  milk  bottle 
with  milk  to  the  top.  Weigh  it. 

Results:  Record  the  weight  of  the 
bottle  filled  with  water,  and  the  weight 
of  the  bottle  filled  with  milk. 

Conclusion:  Answer  the  question. 


Questions  to  Think  Out 


1.  Before  the  coming  of  the  white 
man,  how  did  the  Eskimo  fit  into  his 
environment?  How  did  he  obtain  food, 
clothing,  fuel,  shelter?  Of  what  did  he 
make  weapons,  tools,  fishhooks  and  lines, 
thread,  needles?  How  did  the  Eskimo 
make  fire? 

2.  Contrast  the  uses  of  environment 
made  by  the  Eskimo  and  the  native 
Bushman  of  the  South  African  desert. 

3.  Similarly,  contrast  the  life  of  the 
Indian  before  your  region  was  settled 
with  that  of  the  present  population. 
What  region  supplied  the  Indian  and  the 
present  population  with  the  necessities 
of  life?  What  changes  in  environment 


and  in  control  of  environment  have 
made  possible  the  present  population  of 
the  United  States? 

4.  List  some  “mysteries  of  nature” 
that  you  would  like  to  have  explained. 
List  some  common  occurrences  that 
you  would  like  to  have  explained;  for 
example,  why  the  radio  speaks ;  why 
many  trees  shed  their  leaves  in  the  fall 
and  many  do  not;  why  living  fish  can  be 
frozen  in  ice  without  apparent  injury. 

5.  Devise  and  then  perform  an  ex¬ 
periment  to  answer  the  following  ques¬ 
tion:  Will  a  boat  ride  higher  in  fresh 
water  or  in  salt  water?  Write  a  report 
as  in  Experiment  1. 


We  Control  It 


We  cannot  get  away  from  air  and  remain 
alive.  Man  has  never  been  able  to  change  the 
atmosphere  as  he  has  the  land. 

Yet  study  of  the  composition  and  behavior 
of  air  enables  man  to  press  it  into  service  to 
do  his  work.  Packing  air  into  closed  vessels 
gives  power  to  operate  such  things  as  brakes , 
submarines ,  and  torpedoes.  Study  of  air  pres¬ 
sure  enables  man  to  fly  to  the  uttermost  parts 
of  the  earth.  Removal  of  air  from  closed  ves¬ 
sels  gives  us  such  useful  things  as  vacuum 
bottles,  vacuum  pumps,  and  radio  tubes.  The 
creation  of  a  vacuum  enables  scientists  to  carry 
on  experiments  that  would  be  impossible  in 
the  air;  such  experiments  gave  us  the  X  ray 
and  taught  much  about  what  matter  is,  and 
what  the  earth  and  stars  are  made  of. 

In  this  unit  we  shall  study  the  extent  and 
composition  of  the  air  that  surrounds  us,  and 
how  air  supports  life  and  how  living  things 
alter  it.  We  shall  learn  some  of  the  science 
that  has  enabled  man  to  put  air  to  work  in 
machines.  We  shall  study  the  control  of  that 
great  activity,  oxidation,  which  makes  life  the 
great  producer  and  fire  the  great  destroyer. 

(1)  Howard  Kotlie,  (2)  Shigeta-W right,  Inc.,  ( 3 )  Ewing  Gallo¬ 
way,  N.Y.,  (4)  Black  Star 


Unit  One 

The  Air:  How  It  Con¬ 
trols  Us  and  How 


Chapter  One 

The  Pressure  of  Air 


Air  takes  up  room.  Because  you 
cannot  see  or  smell  or  taste  air, 
you  may  think  of  it  as  so  much 
empty  space,  but  a  few  simple  ex¬ 
periments  will  make  you  think  dif¬ 
ferently.  Turn  a  tumbler  upside 
down  and  push  it,  mouth  down,  into 
a  pan  of  water.  You  cannot  force 
the  water  to  fill  the  glass  to  the  up¬ 
turned  bottom.  Air  in  the  glass 
holds  it  back.  This  shows  that  air 
occupies  space. 

Air  is  heavy.  Did  you  ever  pick 
up  an  inflated  automobile  tire?  Did 
it  weigh  the  same  as  it  did  when 
fiat?  If  you  have  had  no  experience 
with  automobile  tires,  you  may  be 
able  to  perform  the  following  ex¬ 
periment.  Weigh  an  empty  basket 
ball.  Then  pump  it  full  of  air  until 
it  is  hard  and  weigh  it  again.  You 
will  find  that  air  has  considerable 
weight. 

With  an  air  pump  shown  below 
you  can  reverse  the  last  experiment. 


Air  pump  and  flask.  To  show  that  air 
has  weight,  weigh  the  flask,  pump 
out  the  air,  and  weigh  again 


Weigh  a  flask.  Then  pump  the  air 
out  and  weigh  it  again. 

By  such  experiments  we  learn 
that  twelve  cubic  feet  of  air  at  sea 
level  weigh  about  a  pound.  At  that 
rate  an  ordinary  room  holds  two 
or  three  hundred  pounds  of  air. 

Air  is  matter.  The  scientist  de¬ 
fines  matter  as  anything  that  oc¬ 
cupies  space  and  has  weight.  From 
the  first  two  paragraphs  of  this 
chapter  you  have  learned  that  air 
does  both.  Therefore,  air  is  matter. 
Matter  may  be  in  any  of  three 
forms:  gas,  liquid,  or  solid.  Under 
certain  conditions  some  things  may 
assume  any  of  these  forms:  water 
vapor,  water,  or  ice;  or  solid  or 
molten  metal.  Air,  too,  may  be 
either  a  gas  or  a  liquid.  Liquid  air 
is  produced  by  subjecting  air  under 
pressure  to  intense  cold. 

Air  has  a  crushing  weight.  A  sim¬ 
ple  experiment  that  you  can  per¬ 
form  either  in  a  laboratory  or  on 
the  back  lot  will  show  you  its  power. 
You  need  little  apparatus,  just  a 
gallon  oil  can  and  a  stopper  and 
something  with  which  to  hold  the 
can  over  a  fire.  Pour  an  inch  of 
water  into  the  can  and  boil  the 
water  for  two  or  three  minutes  after 
the  steam  has  begun  to  come  out. 
Take  the  can  off  the  fire  and  cork 
it  tightly.  Let  it  cool.  If  you  are  in 
a  hurry,  pour  cold  water  over  it. 
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Soon  the  can  is  crushed  in  as  if  an 
invisible  giant  were  squeezing  it. 

What  crushed  in  the  sides  of  the 
can?  Steam  drove  the  air  out.  When 
the  can,  closed  with  the  stopper, 
cooled,  the  steam  inside  condensed 
again,  leaving  a  partial  vacuum 
(emptiness).  The  pressure  of  the 
air  outside  bent  the  sides  inward. 

The  fruit-can  lid  that  you  cannot 
unscrew  is  held  down  by  the  same 
force.  The  fruit  is  canned  hot  with 
little  or  no  air  remaining  in  the  jar. 
When  it  cools,  the  air  pushes  down 
on  the  jar  with  a  force  of  over  70 
pounds  on  a  lid  2i  inches  in  diam¬ 
eter.  If  you  pull  out  the  rubber  ring 
on  one  side,  admitting  air  to  equal¬ 
ize  the  pressure,  you  can  easily  un¬ 
screw  the  top. 

Air  is  always  pressing.  Fill  a 
test  tube  with  water;  close  it  with 
your  thumb  and  insert  the  closed 
end  into  a  basin  of  water;  then  re¬ 
move  your  thumb,  holding  the  tube 
upright.  The  water  stays  in  the  test 
tube  because  air  is  pressing  down 
in  the  outer  vessel  while  it  cannot 
press  down  on  the  top  of  the  water 
in  the  test  tube.  A  sanitary  drink¬ 
ing  fountain  for  the  poultry  yard  is 
made  on  the  model  of  the  last  ar¬ 
rangement.  Chickens  have  a  way  of 
getting  their  dirty  feet  in  a  pan  of 
drinking  water.  The  sanitary  foun¬ 
tain  stops  the  fouling  of  the  water. 

Fill  a  tumbler  with  water  and 
cover  the  top  with  a  piece  of  wet, 
soft  cardboard.  Hold  the  cardboard 
in  place  with  your  hand  and  invert 
the  tumbler;  then  remove  your 


hand.  Again  air  pressure  supports 
the  weight  of  the  water. 

Measuring  air  pressure.  How 
much  weight  will  the  air  support? 

You  can  measure  the  air  pres¬ 
sure  with  a  barometer — a  very  easy 
thing  to  make  and  a  very  valuable 
scientific  instrument.  Proceed  as 
you  did  with  the  test  tube  inverted 
in  a  basin  of  water.  If  you  were  to 
use  water  in  the  inverted  tube,  you 
would  need  to  use  so  long  a  tube 
that  you  could  not  conveniently  per¬ 
form  the  experiment  in  a  room. 
Mercury,  therefore,  which  is  more 
than  13  times  as  heavy  as  water, 
is  generally  used. 

Use  a  tube  closed  at  one  end  and 
not  less  than  36  inches  long.  The 
diameter  is  not  important,  except 
that  a  large  tube  uses  a  great  deal 
of  mercury.  Fill  the  tube  with  mer¬ 
cury  and  invert  it  in  a  dish  of  mer¬ 
cury  (page  15).  Such  a  tube  of 
mercury  is  called  a  column  of  mer¬ 
cury.  Unless  you  are  in  the  moun¬ 
tains,  the  mercury  will  fall  in  the 
tube  until  the  column  is  about  30 
inches  high.  If  you  used  water  in¬ 
stead  of  mercury  in  making  a 
barometer,  the  column  of  water 
would  be  about  34  feet  high.  If  the 
top  surface  of  the  column  of  mer¬ 
cury  or  water  has  an  area  of  1 

A  drinking  fountain 
for  chickens.  The  pres¬ 
sure  of  the  air  on  the 
water  in  the  saucer 
holds  the  water  in  the 


reservoir 
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square  inch,  the  column  will  weigh 
about  15  pounds.  The  pressure  of 
the  air  is  therefore  15  pounds  to  a 
square  inch.  For  convenience  we 
say  that  atmosphere  pressure  is  30 
inches  of  mercury,  or  15  pounds. 

This  experiment  was  first  tried 
by  Torricelli,  an  Italian  scientist 
who  lived  in  the  sixteenth  century. 
The  tube  is  therefore  often  called 
a  Torricellian  tube,  and  the  space 
above  the  mercury  a  Torricellian 
vacuum . 

If  you  get  rid  of  some  of  the  air 
that  is  pressing  on  the  free  mercury 
in  the  dish,  the  height  of  the  mer¬ 
cury  column  will  fall.  You  can  do 
this  with  an  air  pump  by  putting 
the  barometer  under  a  tall  bell  jar 
and  pumping  out  some  of  the  air. 
If  you  have  no  tall  bell  jar,  you 
can  show  the  same  thing  as  in  the 
picture  below. 

When  Pascal,  the  French  scien¬ 
tist,  had  Torricelli’s  mercurial  ba¬ 
rometer  carried  up  a  mountain,  the 
column  of  mercury  gradually  fell. 
The  air  thins  so  rapidly  above  the 


Air  is  sucked  out  of  the  bottle  and 
the  barometer  falls  with  the  reduced 
air  pressure 


earth’s  surface  that  the  mercury 
falls  about  1  inch  for  every  1000 
feet  ascent.  On  the  top  of  Mount 
Everest,  it  stands  at  about  9  inches. 
The  fall  is  so  regular  that  barom¬ 
eters  are  used  to  measure  the  alti¬ 
tude  above  sea  level. 

A  mercurial  barometer  is  awk¬ 
ward  to  carry,  but  an  aneroid  barom¬ 
eter  may  be  carried  in  the  pocket. 
An  aneroid  (meaning  without  li¬ 
quid),  instead  of  having  a  column 
of  mercury  with  a  Torricellian  va¬ 
cuum  above  it,  has  a  metal  box  with 
a  partial  vacuum.  With  increased 
air  pressure  the  sides  of  the  box  tend 
to  bend  in,  and  with  decreased  out¬ 
side  pressure  they  tend  to  bulge  out. 
An  indicator  (page  15)  measures 
the  change. 

Aneroids  are  so  delicately  made 
that  they  will  indicate  a  difference 
between  the  floor  and  a  table  top. 
Made  to  measure  altitude,  they  are 
often  called  altimeters. 

How  air  pressure  affects  us. 
Although  the  air  extends  upward 
over  600  miles  above  the  earth,  per¬ 
haps  20,000  miles,  it  is  very  rare  at 
the  upper  levels  and  denser  at  the 
lower  levels.  In  fact,  three  fourths 
of  the  air  is  pressed  down  within  6 
miles  of  sea  level,  and  more  than 
half  is  within  3  miles  (see  diagram 
on  page  16).  Thus  the  atmosphere 
is  mostly  compressed  into  a  small 
layer  at  the  bottom.  It  is  in  this  bot¬ 
tom  layer  at  sea  level  that  the  pres¬ 
sure  is  15  pounds  to  the  square  inch. 
Most  people  on  the  earth  are  accus¬ 
tomed  to  live  at  about  that  pressure. 


MERCURY 


Ewing  Galloway,  N.Y.,  Philip  Gendreau 

Aneroid  and  mercury  barometers 
with  diagram  to  explain  the  principle 
of  each.  The  air  pressure  on  the  mer¬ 
cury  in  the  howl  determines  the 
height  of  the  column  in  the  tube 

When  people  from  the  lower  lands 
go  up  into  the  high  mountains,  they 
sometimes  get  “mountain  sickness,” 
due  to  the  thinner  air.  One  of  the 
difficulties  of  climbing  high  moun¬ 
tains  is  the  thinness  of  the  air  and 
the  consequent  difficulty  of  getting 


VACUUM  . 


16 


THE  AIR 


BAROMETER  HEIGHTS 
IN  INCHES 


HEIGHTS  IN  MILES 
35 


25 

„  SOUNDING  BALLOON  CARRY- 
ING  INSTRUMENTS  ONLY 
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HIGHEST  BALLOON 
ASCENSION 

10  " 

9  AIRPLANE 
6  HIGHEST  MOUNTAIN 


3 

AVERAGE  HEIGHT  OF  LAND 
LEVEL 

2.36  AVERAGE  DEPTH  OF  OCEAN 

GREATEST  KNOWN  DEPTH 
6.7  OF  OCEAN 


Half  of  the  air  is  within  three  miles  of  the  earth’s  surface.  It  thins  rapidly 
with  ascent 


enough  oxygen.  A  little  exertion 
brings  labored  breathing  and  a  la¬ 
boring  heart.  Aviators  on  altitude 
flights  and  sometimes  mountain 
climbers  going  to  great  heights  carry 
tanks  of  oxygen  to  make  up  the  de¬ 
ficiency  of  thin  air. 

Not  only  the  quantity  of  oxygen 
but  also  the  actual  pressure  affects 
our  bodies.  At  sea  level  360  pounds 
press  down  on  your  hand  when  you 
hold  your  arm  out  to  the  side.  You 
can  easily  calculate  it.  If  your  hand 
is  4  x  6  inches,  it  will  have  24  square 
inches  on  top;  at  15  pounds  to  the 
square  inch,  the  pressure  would  be 
360  pounds.  It  takes  a  strong  man 
to  hold  up  360  pounds  with  both 
arms.  How  are  you  able  to  do  it? 
The  air  below  your  hand  is  pressing 
up  with  the  same  force  as  the  air 
above  presses  down. 


If  you  put  your  hand  on  the  open 
top  of  the  bell  jar  of  an  air  pump 
as  shown  and  pump  out  some  of 
the  air  underneath  your  hand,  you 
will  find  that  your  hand  is  tightly 
pressed  to  the  bell  jar.  If  you  remove 
most  of  the  air,  the  pressure  becomes 
painful. 

Ten  tons  press  in  on  your  body 
(15  pounds  X  1500,  the  number  of 


The  pressure  inside  our  bodies  equals 
that  of  the  atmosphere.  When  air  is 
pumped  from  the  hell  jar,  the  inter¬ 
nal  pressure  of  the  body  forces  the 
flesh  to  bulge  into  the  top  of  the  jar 


square  inches  on  the  surface  of  the 
body) .  Why  are  you  not  crushed  to 
death  by  this  immense  weight? 

Air  presses  into  all  sorts  of 
places.  You  can  show  that  it  pene¬ 
trates  the  soil.  Partly  fill  a  glass  with 
soil,  and  then  pour  water  into  the 
glass  until  it  stands  a  little  above  the 
soil.  You  will  see  the  air  bubble  out. 
If  the  air  did  not  penetrate  the  soil, 
crops,  helpful  bacteria,  insects, 
worms,  and  many  other  little  crea¬ 
tures  that  inhabit  the  soil  could  not 
live  there.  In  a  later  chapter  you 
will  learn  how  valuable  these  small 
plants  and  animals  are  to  the  farmer. 

Air  penetrates  water.  If  you 
warm  a  glass  of  water  very  gently, 
you  can  see  air  bubbles  arise.  You 
probably  have  noticed  that  when  a 
glass  of  cool  water  is  left  standing 
in  a  warm  room,  tiny  bubbles  of  air 
form  inside  the  glass.  A  hundred 
quarts  of  water  at  ordinary  temper¬ 
ature  will  take  up  about  two  quarts 
of  air. 

Air  under  atmospheric  pressure 
penetrates  your  body,  not  only  to  the 
lungs  but  to  the  blood  vessels,  mus¬ 
cles,  and  microscopic  cells.  As  the 
pressure  is  equal  inward  and  out¬ 
ward,  you  feel  no  pressure  at  all. 
If  for  any  reason  the  pressure  be¬ 
comes  very  unequal,  you  become 
painfully  aware  that  pressure  exists. 

In  sea  diving  it  is  necessary  to  fill 
the  diving  suit  with  air  at  a  pressure 
equal  to  the  pressure  of  the  deep 
water,  let  us  say  45  pounds  to  the 
square  inch.  If  the  diver  has  been 
down  for  some  time,  his  body  is 
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Air  pressure  on  the  cover  of  a  fruit 
jar  holds  it  in  place 

saturated  with  air  at  this  pressure. 
If  he  were  suddenly  pulled  to  the  top 
of  the  water,  the  outward  pressure  of 
the  air  in  his  body  would  be  45 
pounds  while  the  pressure  of  the  air 
around  his  body  would  be  only  15 
pounds.  This  would  be  likely  to  cause 
some  of  the  symptoms  of  “caisson 
disease” — severe  pain  in  the  joints 
(the  “bends”),  deafness,  paralysis, 
or  even  death.  To  avoid  such  injury, 
the  diver  is  raised  only  short  dis¬ 
tances  at  a  time  so  that  the  pressure 
in  his  suit  may  be  slowly  changed. 

Experiment  2 

Question:  Does  air  occupy  space? 

Materials:  An  empty  tumbler;  a 
bucket  of  water 

Directions:  Invert  the  tumbler  and 
press  it  down  evenly  to  the  bottom  of  the 
bucket. 

Result:  State  in  a  sentence  how  high 
the  water  rises  in  the  tumbler. 

Conclusion:  Account  for  your  result. 
Answer  the  question. 

Experiment  3 

Question:  Does  air  have  weight? 
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Left — To  show  that  soil  contains  air. 
When  water  is  poured  into  a  tumbler 
containing  soil,  air  bubbles  rise  from 
the  soil.  Right — Water  contains  air. 
When  a  cool  glass  of  water  stands  in 
a  warm  room,  bubbles  of  air  collect 
on  the  glass 


pan  of  the  balance.  Weight  the  other  pan 
with  weights  or  sand  until  the  beam  is 
horizontal.  Then  open  the  clamp  and  let 
the  air  out  of  the  football. 

Results :  What  happens  to  the  balance 
when  you  let  the  air  out  of  the  football? 

Conclusion:  Account  for  your  results. 
Answer  the  question. 

Experiment  4 

Perform  the  experiment  described  on 
page  12  showing  that  air  can  crush  a  tin 
can.  Write  a  report  of  the  experiment  in 
your  notebook  in  the  regular  form. 


Materials:  A  football;  a  metal  clamp 
or  a  cord  to  tie  the  neck  of  the  football; 
a  pump  to  fill  the  football;  a  balance;  a 
set  of  weights  or  some  sand. 

Directions:  Pump  air  into  the  foot¬ 
ball  until  it  is  hard.  Put  the  clamp  on  the 
neck  of  the  ball.  Put  the  football  on  one 


Experiment  5 

Make  a  barometer  as  described  on 
page  13.  Record  your  experiment  in  your 
notebook.  Leave  the  barometer  in  posi¬ 
tion  and  report  the  height  of  the  column 
of  mercury  every  day  for  two  weeks. 


A  Question  to  Think  Out 

How  does  this  type  of  coffee  maker  work? 


- ATMOSPHERIC  PRESSURE  _ _ 


COFFEE  GROUNDS  — 

TIGHT  JOINT  _ 
BETWEEN  FLASKS 


—  COFFEE 
FILTER  PLUG 

COFFEE - 

-  HANDLE 

CONDENSING 
STEAM 

“  STEAM 
PRESSURE 
BOILING 
WATER 

COFFEE  - 


- -  ELECTRIC  HOT  PLATE 


ON  HOT  PLATE 


REMOVED  FROM  HOT  PLATE 


Chapter  Two 

Working  the  Air 

Air  pressure  at  work.  “Sucking 
soda  through  a  straw”  uses  air  pres¬ 
sure.  When  you  put  a  straw  in  your 
mouth  and  draw  through  it,  you  re¬ 
duce  the  pressure  in  the  straw.  If  the 
free  end  of  the  straw  is  in  the  air, 
atmospheric  pressure  forces  more 
air  into  the  straw.  If  the  free  end  is 
in  a  glass  of  soda,  the  air  pressing 
upon  the  soda  in  the  glass  forces  the 
liquid  through  the  straw  into  your 
mouth. 

When  you  squeeze  the  bulb  of  a 
medicine  dropper,  and  then  release 
it  with  the  tip  of  the  tube  under  water, 
air  pushes  the  liquid  into  the 
dropper. 

In  a  vacuum  cleaner  a  whirling 
fan  drives  air  into  the  dust  bag,  re¬ 
ducing  the  pressure  at  the  nozzle.  The 
outside  air  rushes  in  through  the 
nozzle  carrying  the  dust  with  it. 

To  get  liquid  from  a  heavy  bottle 
in  the  laboratory  without  lifting  it, 
we  often  use  a  siphon.  This  is  simply 
a  rubber  or  glass  tube  bent  as  in  the 


figure.  We  fill  the  siphon  and  in¬ 
vert  it  with  the  short  arm  in  the  vessel 
and  the  long  arm  outside  as  shown. 
The  greater  weight  of  the  water  in 
the  long  arm  starts  the  water  flowing 
out.  The  outflow  of  water  tends  to  re¬ 
duce  the  pressure  in  the  siphon.  The 
pressure  of  air  in  the  upper  dish 
forces  the  water  up  the  short  tube, 
over  the  bend,  and  into  the  longer 
tube.  Siphons  are  convenient  for 
emptying  large  tanks.  A  siphon  is 
sometimes  used  in  a  water  system  to 
carry  water  over  a  small  hill,  but 
it  cannot  raise  water  more  than  34 
feet. 

We  get  our  breath  by  air  pressure. 
The  lungs  hang  in  a  boxlike  chamber 
formed  by  the  walls  of  the  chest.  The 
ribs  and  the  breastbone  support  the 
side  walls,  and  a  great  curved 
muscle,  called  the  diaphragm,  forms 
the  floor.  The  windpipe  or  trachea 


Air  pressure  carries  dust  into  the 

vacuum  sweeper.  The  fan  reduces  the  Air  pressure  enables  the  siphon  to 
pressure  inside  the  sweeper  so  that  carry  water  over  a  hi  .  at  re  uces 
the  outside  air  will  rush  in  the  pressure  in  the  long  arm? 
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A  respirator  produces  artificial  res¬ 
piration  on  the  principle  illustrated 
in  the  diagram.  Pulling  the  rubber  A 
to  the  position  B  diminishes  the  air 
pressure  in  E,  causing  the  balloon  C 
to  expand  to  D.  This  illustrates  the 
expansion  of  lungs  when  the  dia¬ 
phragm  is  lowered  and  ribs  are 
raised 


leads  to  the  outside  air.  When  we 
breathe  in,  the  diaphragm  flattens  and 
lowers  the  bottom  of  the  box.  At  the 
same  time  muscles  pull  the  ribs  up¬ 
ward  and  outward.  This  increases  the 
size  of  the  chest  box,  or  thorax,  and 
thus  diminishes  the  air  pressure  in¬ 
side.  Air  then  rushes  in  until  the  in¬ 
side  and  the  outside  pressures  are 
equalized.  Thus  when  we  inhale 
(breathe  in),  we  do  not  draw  air  into 
the  lungs,  but  air  pressure  forces  air 
into  them.  When  we  exhale  (breathe 
out),  the  thorax  is  contracted  by  the 


rising  diaphragm  and  relaxing  ribs. 
This  contraction  compresses  the  air 
in  the  lungs  and  forces  it  out  through 
the  windpipe.  When  the  muscles  fail 
to  work  in  asphyxiation,  due  to  gas 
or  water  in  the  lungs  or  to  paralysis 
of  certain  diseases,  we  imitate  the 
natural  expansion  and  contraction  of 
the  chest  by  artificial  respiration. 
This  is  discussed  on  page  413.  A 
piece  of  apparatus  to  accomplish 
this  is  shown  above.  The  drawing 
shows  a  piece  of  apparatus  which 
illustrates  the  action  of  the  lungs. 
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How  water  pumps  use  air 
pressure.  If  you  ever  pump  water 
at  the  well,  you  use  air  pressure  to 
raise  the  water.  When  you  push  down 
on  the  pump  handle,  you  raise  a  pis¬ 
ton  inside  the  barrel  of  the  pump 
(Fig.  Ai).  Raising  the  piston  re¬ 
duces  the  pressure,  and  the  air  in 
the  well  forces  the  water  farther  up 
the  pump  barrel.  A  valve  prevents  it 
from  flowing  back  into  the  well 
(Fig.  A2 ) .  When  the  pump  handle  is 
lifted  and  the  piston  lowered,  the 
water  in  this  barrel  passes  through 
valves  in  the  piston  to  the  space 
above.  When  the  piston  is  raised 
again,  this  water  flows  from  the 
nozzle  of  the  pump.  This  kind  of 
pump  is  called  a  lift  pump.  Atmos¬ 
pheric  pressure  cannot  raise  the 
water  more  than  34  feet,  and,  owing 
to  leakage  in  the  pump,  it  is  usually 
not  worth  while  to  try  to  raise  it  more 
than  28  feet. 


To  raise  water  to  greater  height,  a 
force  pump  may  be  used  (Fig.  B). 
The  force  pump,  also,  depends  upon 
air  pressure  to  lift  the  water  into  the 
barrel ;  but  the  height  to  which  water 
can  be  raised  above  the  barrel  de¬ 
pends  upon  the  force  than  can  be  put 
on  the  piston.  Of  course  the  barrel 
should  not  be  more  than  28  feet 
above  the  water. 

Force  pumps  are  often  used  to  life 
water  to  a  tank  in  the  attic  from 
which  by  gravity  the  water  is  dis¬ 
tributed  through  pipes  to  all  parts 
of  the  house. 

Why  balloons  rise.  Atmospheric 
pressure  forces  balloons  upward  in 
the  air.  They  are  filled  with  a  gas 
that  is  lighter  than  air.  The  air  lifts 
them  just  as  water  in  a  basin  lifts  a 
cork.  In  a  vacuum  the  balloons 
would  not  rise.  They  rise  only  be¬ 
cause  of  the  buoyancy  (upward 
force)  of  the  air. 


The  lift  pump.  A.  What  force  raises 
the  water  from  the  well  to  the  pump  ? 
Why  doesn’t  it  flow  back  again? 
What  force  sends  the  water  out  of  the 
nozzle?  The  force  pump.  B.  What 
force  raises  the  water  into  the  pump  ? 
What  force  sends  it  out  through  the 
nozzle?  Harold  M.  Lambert 
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Dirigibles  are  supported  by  helium  gas.  Its  non-explosive  quality  makes  it 
the  ideal  gas  for  aircraft 


Illuminating  gas  if  under  suffi¬ 
cient  pressure  would  lift  toy  bal¬ 
loons.  Hydrogen  gas,  the  lightest 
substance  known,  is  often  used  in 
balloons,  but  it  is  a  dangerous  ex¬ 
plosive  when  mixed  with  oxygen. 
Helium  gas  is  almost  as  light  and 
will  not  explode.  It  is  the  gas  that 
floats  dirigibles  or  blimps. 

Fire  balloons  use  heated  air  as 
light  gas.  They  have  open  bottoms 
where  fires  are  kindled.  As  the  air 
inside  is  heated,  it  expands  and  is, 
therefore,  lighter  than  the  air  out¬ 
side. 

As  a  balloon  rises,  it  reaches 
thinner  and  thinner  air.  As  it  reaches 
regions  of  reduced  air  pressure,  the 
gas  inside  the  balloon  expands  and 
becomes  still  lighter.  Finally  it 
reaches  an  altitude  where  it  is  as 
heavy  as  the  air  about  it.  Then  it  can 
rise  no  farther. 

Balloons  carrying  instruments 
have  risen  more  than  20  miles.  The 
greatest  height  reached  by  man  is 
13.7  miles  (72,395  feet),  attained 


in  1935  in  South  Dakota  by  Captain 
Orville  Anderson  and  A.  W.  Stevens 
of  the  United  States  Army.  To  pro¬ 
tect  them  from  the  low  pressure  of 
these  great  altitudes,  equal  to  about 
one  inch  of  mercury,  the  men  were 
sealed  in  a  metal  sphere.  The  air  they 
breathed  was  oxygen  and  nitrogen 
evaporating  from  tanks  which  con¬ 
tained  these  gases  liquefied  by  pres¬ 
sure.  The  carbon  dioxide  the  men 
breathed  out  was  absorbed  by  so¬ 
dium  hydroxide.  Provision  was  also 
made  for  the  protection  of  the  avi¬ 
ators  from  the  intense  cold  of  this 
great  altitude. 

Airplanes.  Differences  in  air 
pressure  due  to  motion  of  the  air¬ 
plane  and  of  the  air  keep  the  airplane 
flying.  The  wings  of  the  plane  are 
set  at  an  angle  as  shown  in  the  pic¬ 
ture  opposite.  The  propeller  draws 
the  plane  forward  as  a  screw  through 
wood  or  as  a  screw  propeller  drives 
a  ship  through  the  water.  The  pro¬ 
peller  also  drives  air  backward  un¬ 
der  the  wings.  There  is  an  upward 


pressure  on  the  wing  as  long  as  the 
plane  is  going  forward,  and  a  re¬ 
duced  pressure  on  top  of  the  wings. 
The  air  tends  to  slide  off  the  top.  The 
difference  in  pressure  due  to  the  mo¬ 
tion  keeps  the  airplane  in  the  air. 
The  greater  the  tilt  of  the  wing  the 
greater  is  the  lift,  but  the  slower  the 
speed. 

Parachute.  When  the  aviator 
jumps  from  his  injured  or  burning 
plane,  his  parachute  uses  air  pres¬ 
sure  to  land  him  safely  on  the  earth. 
If  you  drop  a  stiff  piece  of  paper 
edgewise,  it  falls  rapidly.  If  you 
drop  it  flat  surface  down,  it  falls 


AIRPLANE  WING. 
AIR  CURRENTS 


The  diagram 
shows  how  air 
pressure  keeps 
the  plane  afloat. 
How  does  air  -V.' 
pressure  help 
the  parachutist 
to  land  safely? 
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slowly.  It  then  must  push  the  air 
from  under  it,  and  the  resistance  of 
the  air  retards  it. 

A  parachute  is  a  great  umbrella¬ 
shaped  cloth  with  cords  from  the 
edges  leading  to  a  belt  around  the 
aviator’s  body.  The  aviator  carries 
the  parachute  carefully  wrapped  and 
fastened  to  his  body.  If  he  is  forced 
to  jump,  he  pulls  a  cord  that  opens 
the  parachute  pack.  The  resistance 
of  the  air  opens  the  cloth  umbrella. 
He  floats  down  slowly  because  the 
air  under  the  cloth  is  pushed  slowly 
away. 

Using  compressed  air.  Air  par¬ 
ticles  can  be  packed  tightly  together, 
and  when  the  pressure  is  released, 
they  will  instantly  separate  again. 
The  scientist  says  that  air  is  com¬ 
pressible  and  elastic.  Therefore,  we 
can  put  it  to  work  in  many  ways.  The 
air  in  an  inflated  automobile  or  bi¬ 
cycle  tire  by  its  elasticity  relieves  the 
vibration  we  should  feel  if  we  were 
riding  on  a  hard  rim.  Some  door 
checks  that  prevent  the  bang  of  doors 
depend  on  air  compression.  Thedoor, 
as  it  closes,  pushes  a  piston  into  a 


Compressed  air  in  this  door  check 
prevents  slamming  of  the  door 


cylinder,  compressing  the  air,  which 
escapes  slowly  through  a  small  hole. 

In  air  brakes  on  trains,  street  cars, 
and  heavy  busses,  a  pump  com¬ 
presses  the  air  in  a  tank.  To  apply 
the  brakes,  the  operator,  by  opening 
a  valve,  admits  the  compressed  air 
into  a  chamber  where  it  drives  down 
a  piston.  The  piston  clamps  the 
brake  shoe  against  the  wheels.  Doors 
on  subway  trains  are  shut  in  a  similar 
manner. 

Compressed  air  drives  the  rivet¬ 
ing  machines  that  make  such  a  racket 
on  the  new  skyscrapers  and  bridges. 
It  drives  the  chisel  that  digs  up  hard 
pavements  and  the  drills  that  make 
holes  in  quarries  and  mines. 

The  customers’  cash  payments  in 
a  department  store  are  sometimes 
placed  in  a  hollow  cylinder  which  is 
inserted  in  a  pneumatic  tube.  A  fan 
pumps  the  air  from  the  tube,  and  the 
incoming  air  carries  the  cylinder 
along  to  the  central  office.  Mail  tubes 
are  operated  in  some  of  the  big  cities 
by  a  similar  system  (page  25). 

Compressed  air  is  used  in  water 
control.  The  submarine  dives  by  ad¬ 
mitting  water  into  the  ballast  cham¬ 
bers,  and  rises  by  forcing  it  out  with 
compressed  air  (page  25)* 

In  building  great  bridges,  founda¬ 
tions  must  often  be  sunk  through 
water  and  mud  to  bed  rock.  The 
caisson  is  a  structure  that  allows  man 
to  do  this  work  on  the  bottom  of  the 
river.  It  is  a  steel  chamber  into  which 
air  is  driven  until  the  water  is  forced 
out  the  bottom  (page  25).  Men  can 
then  work  in  the  compressed  air  on 
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are  shown 


some  uses  ot  air: 
1.  Pneumatic  tubes  for  interpostoffice 
delivery.  2.  A  pneumatic  chisel.  3. 
Sandhogs  working  in  compressed  air 
chamber  under  the  Hudson  River. 
4.  Submarine  rising  from  a  dive 
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the  bottom  of  a  river.  Compressed  air 
is  similarly  used  in  a  bell-shaped 
vessel  which  is  lowered  to  receive 
men  from  a  sunken  submarine. 

Sand  blasts  driven  by  compressed 
air  smooth  down  cast  iron  and  clean 
the  outside  of  city  buildings.  Sprays 


How  does  air  pressure  operate  these 
tire? 

Experiment  6 

Question:  How  much  air  is  in  a  foot¬ 
ball? 

Materials:  A  football;  bicycle  pump; 
bent  glass  tube;  deep  pan;  a  card;  a 
graduated  cylinder  or  a  quart  milk 
bottle. 

Method:  Fill  the  football  with  water 
and  measure  the  quantity  of  water  with 
the  graduated  cylinder  or  quart  bottle. 

Pump  the  football  full  of  air  until  it 
bounces  easily. 

Fill  the  cylinder  or  bottle  with  water; 
cover  with  card,  invert  it  in  a  pan  of 
water. 

Measure  the  quantity  of  air  in  the 
football  as  follows:  Insert  one  end  of  the 
bent  tube  in  the  neck  of  the  ball  and  put 


a  football 


to  fight  insects  and  fungi  are  thrown 
on  plants  by  air  compressed  either 
by  hand  or  by  motor.  Automobiles 
and  buildings  are  painted  in  the 
same  manner.  The  atomizer  works 
on  the  same  principle. 


articles:  atomizer,  force  cup,  nonskid 

the  other  end  under  the  edge  of  the 
cylinder  as  shown  below.  Allow  air  to 
drive  out  the  water  in  the  cylinder. 
Check  it  as  soon  as  the  cylinder  is 
empty.  Repeat. 

Results:  Record  the  quantity  of  water 
in  the  football.  Record  the  quantity  of 
air.  Draw  a  diagram  of  the  apparatus 
used. 

Conclusion:  How  do  you  account  for 
the  fact  that  the  football  holds  more  air 
than  water?  We  say  that  air  is  compres¬ 
sible  and  elastic.  How  does  the  experi¬ 
ment  show  these  facts? 

Application:  List  the  devices  you  can 
think  of  that  depend  upon  the  compres¬ 
sibility  and  elasticity  of  air. 

Experiment  7 

Question:  How  does  a  caisson  work? 

Materials:  A  glass  funnel;  a  rubber 
tube  to  fit  over  funnel  tube;  a  bicycle 
pump;  a  pan  of  water. 

Method:  Attach  tube  to  funnel  and 
pump  to  tube.  Sink  the  funnel  in  the  pan 
of  water.  Pump  air  into  funnel  until  the 
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water  is  driven  out.  You  will  need  to 
pinch  the  rubber  tube  tightly  during  the 
upstroke  of  the  pump  to  keep  the  air  in 
the  funnel. 

Pinch  the  tube  and  remove  the  pump. 
Measure  the  quantity  of  air  in  the  fun¬ 
nel  as  you  measured  the  air  in  the  foot¬ 
ball  in  Experiment  6. 

Draw  a  diagram  of  the  apparatus. 

Results:  Record  the  quantity  of  air  in 
the  funnel.  Record  the  quantity  of  water 
in  the  funnel. 

Conclusion:  Answer  the  question. 

Application:  What  value  has  this 
power  of  air  been  in  our  civilization? 

Experiment  8 

Question:  How  can  I  make  a  model 
parachute? 
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Materials:  Large  handkerchief;  a 
string;  a  stone. 

Directions:  Tie  a  three-foot  length  of 
string  to  each  of  the  four  corners  of  a 
large  strong  handkerchief.  Tie  the  stone 
to  the  other  end  of  the  strings.  Be  careful 
to  see  that  all  the  strings  are  of  the 
same  length  so  that  the  stone  will  hang 
under  the  center  of  the  cloth.  Crumple 
stone,  strings,  and  handkerchief  into  a 
ball.  Throw  it  high  into  the  air.  As  it 
comes  down,  it  will  unfold  and  sail 
gracefully  and  slowly  to  the  earth. 

Diagram:  Show  the  parachute  de¬ 
scending. 

Conclusion:  Why  does  the  parachute 
go  up  so  fast  and  come  down  so  slowly? 

Practical  application:  What  use  is 
made  of  parachutes? 


A  Question  to  Think  Out 

Why  does  a  stratosphere  balloon  change  shape  as  it  rises? 


Chapter  Three 

What  Air  Is 


Lively  air.  We  have  seen  that  air 
is  not  so  thin  and  empty  as  it  looks, 
and  now  we  shall  see  that  air  is  not  at 
all  a  simple  substance.  It  is  a  mixture 
of  substances.  Chemists  have  been 
discovering  one  substance  after  an¬ 
other  in  air  for  one  hundred  fifty 
years.  The  first  of  these  discoveries 
was  made  by  an  English  clergyman 
and  scientist,  Joseph  Priestley 
(1733-1804),  who  left  England  be¬ 
cause  of  his  religious  views  and  lived 
for  a  time  in  Pennsylvania.  Priestley 
heated  a  red  powder,  now  known  as 
mercuric  oxide ,  and  obtained  a  new 
gas.  He  called  it  “perfect  air”  and 
“active  air.”  A  candle  burned  in  it 
with  unusual  brilliancy.  A  mouse 
placed  in  a  jar  of  it  was  unusually 
active  and  “happy.”  When  Priestley 
took  a  whiff  of  it,  he  found  it  very  ex¬ 
hilarating.  The  French  chemist  La¬ 
voisier  (1743-94)  later  named  the 
gas  oxygen . 

Oxygen  is  hungry  for  other  things, 
or  as  the  chemist  says,  it  is  “active,” 
readily  uniting  with  other  substances. 
We  can  easily  prepare  oxygen  in  the 
laboratory  as  in  Experiment  9.  If  we 
lower  a  glowing  splinter  into  a  jar  of 
oxygen,  the  splinter  bursts  into  flame. 
Sulfur  and  phosphorus  burn  in  it 
with  an  exceedingly  brilliant  light.  A  :■ 
bit  of  charcoal,  first  heated  to  red¬ 
ness,  then  lowered  into  oxygen,  bursts 
into  flame.  Even  iron  picture  wire,  if 


heated  and  treated  with  a  little  sul¬ 
phur  to  set  it  on  fire,  burns  with  a 
brilliant  light. 

Where  things  go  when  they 
burn.  When  iron  and  charcoal  burn, 
what  becomes  of  them?  We  are  in  the 
habit  of  saying  that  wood  and  coal 
just  burn  up,  and  we  dismiss  the  sub¬ 
ject  as  if  that  were  the  end  of  it.  It  is 
the  end  of  the  wood  and  of  the  coal, 
but  not  the  end  of  the  substances  of 
which  they  are  composed.  Lavoisier 
showed  by  weighing  accurately  sub¬ 
stances  before  burning,  and  weigh¬ 
ing  all  the  new  substances  formed 
by  burning,  that  there  is  no  loss  of 
matter  when  substances  burn.  In¬ 
deed,  substances  seem  to  gain  in 
weight  because  of  the  addition  of 
oxygen  of  the  air. 

[Scientists  have  been  saying  for  a 
hundred  years  that  matter  is  never 
created  or  destroyed.  This  was 
called  the  law  of  conservation  of 
matter  or  indestructibility  of  matter. 
Scientists  now  find  it  necessary  to 
modify  this  law  in  the  light  of  new¬ 
found  facts.  It  is  explained  further 
in  our  study  of  energy  (given  on 
page  121).] 

The  reason  we  often  think  that 
wood  or  charcoal  burns  away  to  noth¬ 
ing,  or  almost  nothing,  is  that  we  do 
not  see  a  large  part  of  the  new  things 
that  are  formed  by  the  burning.  We 
can  easily  show  that  a  new  substance 
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is  formed  when  we  bum  charcoal  in 
a  jar  of  oxygen.  If  we  put  some  clear 
limewater  in  the  jar  in  which  the 
charcoal  has  been  burned,  and  shake 
it,  the  limewater  becomes  milky.  The 
substance  that  turns  limewater  milky 
is  carbon  dioxide.  Hence  we  conclude 
that  there  must  have  been  some  car¬ 
bon  dioxide  in  the  jar.  Charcoal  is 
largely  the  element  carbon,  which 
also  is  a  large  part  of  coal.  When 
charcoal  bums,  oxygen  unites  with 
the  carbon  to  form  the  new  substance, 
carbon  dioxide.  The  syllable  di 
means  two.  The  name  then  means 
that  the  substance  is  one  atom  of  car¬ 
bon  and  two  atoms  of  oxygen.  The 
chemist  abbreviates  it  CO2. 

You  are  probably  familiar  with 
carbon  dioxide,  as  it  is  the  gas  that 
makes  soda  water  fizz  and  froth.  It 
can  be  solidified  and  then  forms  dry 
ice.  This  solid  carbon  dioxide  is  ex¬ 
tremely  cold,  — 110°  F.,  very  much 
colder  than  ice.  “Dry  ice”  is  sup¬ 
planting  ice  for  many  uses,  as  pack¬ 
ing  ice  cream,  cooling  refrigerator 
cars  and  refrigerators  in  ships.  It 
has  the  great  advantage  that  it  leaves 
no  water  when  it  melts.  Sometimes 
you  may  have  a  container  cooled  with 
dry  ice  in  which  to  carry  ice  cream 
from  the  store  or  take  it  on  a  picnic. 
When  you  remove  the  ice  cream, 
leave  the  dry  ice  in  the  container  and 
keep  the  container  right  side  up. 
Lower  a  lighted  match  into  the  con¬ 
tainer.  If  CO2  is  still  there,  the  match 
is  extinguished.  Shake  some  lime- 
water  into  the  container  and  watch 
it  turn  milky.  One  caution:  do  not 


pick  up  the  “dry  ice”  with  your  fin¬ 
gers.  It  is  so  cold  that  it  quickly  kills 
the  flesh  and  leaves  a  painful  frost¬ 
bite. 

If  you  pour  a  little  limewater  into 
a  pint  jar  and  shake  it  vigorously,  the 
limewater  will  turn  milky  slowly, 
showing  that  there  is  some  CO2  in  the 
air.  It  is  an  extremely  small  amount, 
however,  three  one-hundredths  of 
one  per  cent. 

Other  oxides.  Now  let  us  return 
to  the  other  substances  we  burned  in 
oxygen.  Each  of  them  united  with 
oxygen  and  formed  an  oxide — phos¬ 
phorus  oxide,  sulfur  oxide,  iron 
oxide.  You  could  also  bum  the  gas 
hydrogen  and  form  hydrogen  oxide, 
a  substance  with  which  you  are  famil¬ 
iar.  You  ordinarily  call  it  water.  Oxy¬ 
gen  unites  so  easily  with  many  other 
elements  that  oxides  are  very  com¬ 
mon.  The  soil  contains  many  oxygen 
compounds.  Our  bodies  contain  more 
oxygen  than  any  other  element;  the 
oxygen  united  with  other  elements  to 
form  compounds. 

Oxygen  will  unite  with  many  sub¬ 
stances  without  burning  with  flame 
and  heat.  If  we  throw  a  piece  of  iron 
in  the  back  yard,  oxygen  unites  with 
it  and  forms  the  familiar  brown  sub¬ 
stance,  iron  rust,  or  iron  oxide.  Oxy¬ 
gen  unites  with  the  oil  in  paint  and 
forms  the  coat  that  sticks  to  the  wood. 
We  say  that  the  paint  dries,  but  more 
accurately  the  oil  of  the  paint  oxi¬ 
dizes.  Oxygen  unites  with  the  bits  of 
garbage  that  picnickers  leave  on 
other  people’s  land,  but  unfortu¬ 
nately  the  oxidation  of  the  garbage 
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goes  on  very  slowly.  The  leaves  that 
fall  in  the  woods  and  the  dead 
branches  that  are  not  more  rapidly 
destroyed  by  bacteria  and  fungi  are 
slowly  oxidized  by  the  oxygen  of  the 
air. 

Living  things  burn  food.  Bacteria 
and  fungi  draw  their  nourishment 
from  the  dead  things  of  the  woods, 
and  then  oxidize  the  food.  Living 
things,  animal  and  plant,  oxidize  their 
food.  The  oxygen  we  take  into  our 
lungs  is  carried  to  the  cells  in  our 
bodies,  where  it  unites  with  the  food 
which  has  been  brought  to  the  cells. 

Food  contains  a  large  percentage 
of  carbon  and  hydrogen.  When  the 
food  is  oxidized,  these  elements  unite 
with  the  oxygen  to  form  carbon  di¬ 
oxide,  CO2,  and  water,  H2O.  These 
oxides  are  waste  products  that  must 
be  cast  out  of  the  bodies.  Water  is 
given  out  through  the  lungs,  skin, 
and  kidneys.  Carbon  dioxide  passes 
off  through  the  lungs.  You  can  easily 
show  that  carbon  dioxide  comes  from 
the  lungs  by  blowing  through  a  tube 
into  limewater. 

Oxidation  supplies  the  energy  of 
life.  It  supplies  the  heat  of  the  body, 
the  power  that  moves  us  about,  the 
power  that  sends  the  blood  through 
the  body,  the  energy  that  keeps  up 
all  the  variety  of  cell  activities  that 
make  up  life.  All  these  activities  are 
due  to  the  energy  of  slow  burning — 
so  slow  that  there  is  no  flame,  al¬ 
though  there  is  heat  as  long  as  life 
lasts. 

Oxidation  in  industry.  Our 

homes  and  our  factories,  our  trains, 


steamships,  and  airplanes  are 
warmed  or  driven  almost  entirely  by 
oxidation.  Some  energy,  it  is  true,  is 
due  to  electric  dynamos  driven  by 
water  power,  but  most  of  our  electric 
energy  comes  from  power  plants  run 
by  steam.  Coal,  oil,  or  its  refined 
product  gasoline,  the  gas  of  our 
homes,  and  wood  furnish  the  com¬ 
pounds  that  are  oxidized. 

Carbon  and  hydrogen  are  the  two 
most  common  elements  in  fuels.  It 
is  their  union  with  oxygen  that  is 
largely  responsible  for  the  heat  of 
combustion  (burning).  The  waste 
gases  from  furnaces  contain  large 
quantities  of  carbon  dioxide  and 
water  as  well  as  oxides  of  other  ele¬ 
ments  present  in  the  fuels.  You  can 
show  the  presence  of  water  by  lower¬ 
ing  a  kettle  of  cool  water  into  the 
flame  of  a  gas  burner.  Water  in  the 
flame  will  condense  for  a  short  time 
on  the  bottom  of  the  kettle. 

Explosions.  When  there  is  an 
abundant  supply  of  oxygen  and  an 
abundant  supply  of  something  that 
will  oxidize  rapidly,  look  out.  If  the 
vapor  from  gasoline  is  mixed  with 
air,  everything  is  set  for  an  explosion. 
A  spark  will  start  the  oxidation  that 
produces  gases  which  expand  tre¬ 
mendously  in  a  fraction  of  a  second. 
That  sudden,  enormous  expansion 
of  gases  is  the  explosion.  Gun¬ 
powder  contains  potassium  nitrate, 
which  supplies  abundant  oxygen, 
and  powdered  charcoal  and  sul¬ 
phur,  which  oxidize  rapidly.  Nitro¬ 
glycerine  used  in  dynamite,  TNT 
used  in  shells,  pentolite  carried  in 


When  phosphorus  has  burned  in  a 
jar  of  air  the  water  rises  to  fill  one- 
fifth  of  the  jar.  How  does  this  show 
that  one-fifth  of  air  is  oxygen? 

war  rockets,  and  nitrocellulose  used 
in  smokeless  powder  produce  ex¬ 
tremely  rapid  oxidation  and  release 
gases  that  expand  violently. 

How  much  oxygen  in  the  air. 
Although  air  furnishes  the  oxygen 
for  life  and  industry,  only  one  fifth 
of  the  air  is  oxygen.  You  can  easily 
show  this  by  burning  a  bit  of  phos¬ 
phorus  in  a  jar  of  air  inverted  over  a 
dish  of  water  as  in  the  diagram 
above.  When  the  fire  goes  out,  the 
water  has  risen  one  fifth  of  the  way 
up  the  jar.  Experiment  13  shows 
how  iron  filings  may  be  used  in  a 
similar  demonstration. 

Nitrogen.  The  gas  that  remains 
when  the  oxygen  is  taken  out  of  the 
air  is  nearly  all  nitrogen.  It  is  quite 
the  opposite  of  oxygen  in  disposition. 
It  is  hard  to  make  it  do  anything.  It 
will  not  unite  with  things  of  its  own 
free  will.  To  get  it  out  of  the  air  re¬ 
quires  great  electrical  plants.  By 
the  aid  of  electricity,  heat,  and  pres¬ 
sure,  nitrogen  can  be  made  to  unite 
with  other  elements  to  form  nitrogen 
compounds. 

All  living  things,  including  our¬ 
selves,  contain  a  large  part  of  nitro- 
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Three  familiar  forms  of  oxidation  are: 
1,  fire;  2,  rust;  3,  explosion 


Screen  Traveler  from  Gendreau 


Various  gases  are  used  in  electric  signs  for  their  color  effects 


gen.  Our  flesh  is  largely  a  mixture 
of  nitrogen  compounds  called  pro¬ 
teins.  Proteins  must  form  part  of  our 
foods.  We  get  our  proteins  chiefly 
from  animal  food,  to  a  lesser  amount 
from  vegetables.  Animals  get  their 
proteins  from  plants.  Our  crop 
plants  make  them  from  nitrogen 
compounds  in  the  soil. 

Strangely  enough,  although  we 
live  in  air,  four  fifths  of  which  is 
nitrogen,  neither  our  bodies  nor  our 
animals  nor  our  crop  plants  can  take 
the  nitrogen  out  of  the  air.  Only  very 
lowly  plants,  chiefly  certain  kinds  of 
bacteria,  can  absorb  the  nitrogen  of 
the  air  and  make  it  into  nitrogen 
compounds.  All  the  other  living 
things  of  the  earth  owe  a  debt  to 
those  lowly  plants  for  the  nitrogen 
of  which  they  are  built.  Some  of  the 
bacteria  live  on  the  roots  of  clover. 
When  we  drink  the  milk  of  a  cow  fed 
on  clover  hay,  we  owe  thanks  to  the 
lowly  bacteria.  When  we  eat  the  beef 
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from  cattle  or  the  pork  from  hogs 
that  fed  on  the  corn  grown  in  a  soil 
previously  enriched  by  a  clover 
crop,  we  owe  more  thanks  to  the 
bacteria. 

The  lazy  gases.  You  know  those 
brilliant  and  peculiar  red  lights  that 
hold  your  gaze  on  an  electric  sign. 
Those  lights  are  made  by  passing  an 
electric  current  through  a  tube  filled 
with  the  gas  neon.  The  hypnotizing 
blue  tubes  of  the  electric  signs  may 
be  filled  with  argon .  Both  these 
gases  are  in  the  air  in  minute  quan¬ 
tities.  There  are  several  other  rare 
gases  in  the  air.  You  need  remem¬ 
ber  only  one  more,  helium.  Helium 
for  airships,  however,  is  not  ob¬ 
tained  from  the  air  but  from  nat¬ 
ural  gas,  chiefly  in  Texas.  We  call 
the  gases  lazy,  or  inert,  because 
they  will  not  unite  with  other  ele¬ 
ments.  That  is  why  they  are  valu¬ 
able.  They  do  not  burn  up  in  lamps 
or  explode  in  balloons. 
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Water  in  the  air.  When  clothes 
dry  on  the  clothesline  or  when  a  wet 
road  dries,  the  water  goes  into  the 
air.  It  evaporates  or  becomes  vapor. 
Water  is  constantly  evaporating 
from  lakes  and  oceans.  We  shall  see 
later  that  the  quantity  of  water 
vapor  in  the  air  depends  upon  the 
temperature.  Warmer  air  can  hold 
more  than  cool  air.  When  air  is 
cooled,  some  of  the  water  vapor 
condenses  again  to  drops  of  water. 

You  have  seen  a  water  pitcher 
“sweat”  on  the  outside.  That  “sweat” 
did  not  come  through  the  pitcher 
from  the  water  inside.  The  cool 
pitcher  condensed  some  of  the  water 
vapor  in  the  warm  air  of  the  room. 
Those  who  wear  eyeglasses  have  had 
a  similar  experience  when  they  came 
into  a  warm  room  on  a  cold  winter 


day.  The  chilled  eyeglasses  collect 
a  mist  by  condensing  moisture  of  the 
warm  air. 

When  the  grass  cools  off  at  night, 
water  vapor  in  the  air  condenses  on 
it  as  dew.  When  the  vapor  condenses 
as  tiny  drops  that  float  in  the  air,  it 
forms  fog  or  clouds.  Sometimes  so 
much  vapor  condenses  that  it  falls  as 
rain  or  snow.  We  shall  study  the 
process  in  the  unit  on  weather. 

Experiment  9  (Teacher  Demonstra¬ 
tion) 

Question:  How  can  I  prepare  oxygen? 
What  can  I  learn  about  it? 

Materials:  A  flask;  a  two-hole  stopper; 
a  thistle  tube;  a  delivery  tube  (glass 
tubing  and  rubber  tubing)  ;  a  pneumatic 
trough  or  flat  dish  of  water,  charcoal; 
potassium  chlorate;  sodium  dioxide; 
sulfur;  phosphorus;  magnesium;  and 
steel  wool. 


Condensation  of  moisture  in  the  air  forms  dew  on  the  cold  grass 
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Directions  and  results:  (a)  Put  one- 
half  inch  of  potassium  chlorate  into  a 
test  tube.  Holding  the  test  tube  with  a 
test-tube  holder,  heat  until  the  potassium 
chlorate  melts.  Then  drop  in  a  small 
piece  of  charcoal.  1.  What  evidence  have 
you  that  oxygen  was  given  off? 

( b )  Set  up  the  sodium  dioxide  gen¬ 
erator,  add  water,  and  collect  five  bottles 
of  oxygen  by  displacement  of  water  (as 
in  the  diagram  above).  2.  What  is  the 
physical  state  of  oxygen  (solid,  liquid, 
or  gas)  ?  3.  What  are  the  color,  odor, 
and  taste  of  oxygen? 

(c)  Place  a  glowing  splint  in  a  bottle 
of  oxygen.  4.  What  is  the  result  and 
what  does  it  show  you  about  chemical 
activity  of  oxygen? 

(e?)  Put  a  small  piece  of  sulfur  in 
an  iron  spoon  and  set  fire  to  the  sulfur 
by  directing  a  Bunsen  burner  flame 
downward  on  it.  Lower  the  burning 
sulfur  into  a  bottle  of  oxygen.  5.  Note 
how  the  sulfur  burns  in  air  and  in  the 
oxygen. 

(e)  Repeat,  using  red  phosphorus, 
magnesium,  charcoal,  and  steel  wool  in¬ 
stead  of  sulfur.  6.  In  each  case  state 
whether  the  action  is  more  violent  in  air 
or  in  oxygen. 


Diagram:  Show  the  generator  and 
collection  of  gas. 

Conclusion:  State  two  ways  of  making 
oxygen  in  the  laboratory.  Describe  oxy¬ 
gen  and  tell  how  it  acts.  State  in  general 
terms  what  is  formed  when  oxygen  com¬ 
bines  with  other  elements.  What  do  we 
call  the  process? 

Experiment  10 

Question:  Does  oxidation  go  on  in 
living  things? 

Materials:  A  living  fish;  limewater; 
a  battery  jar  or  other  jar;  a  piece  of 
glass  tubing;  a  test  tube  or  tumbler. 

Directions :  (a)  Pour  an  inch  of  lime- 
Avater  into  a  battery  jar.  Transfer  the 
fish  to  it  for  a  few  minutes,  until  you 
notice  a  change  in  the  limewater.  Re¬ 
move  the  fish  again  to  pure  water. 

(b)  Pour  a  little  limewater  into  the 
test  tube  or  tumbler.  Take  the  glass  tube 
in  your  mouth  and  breathe  out  through 
the  limewater. 

(c)  Perform  Experiment  111. 

Results:  State  result  of  each  step. 

Conclusion:  What  evidence  have  you 

seen  that  oxidation  goes  on  in  living 
things?  Now  perform  Experiment  11 
which  shows  further  evidence. 


WHAT  AIR  IS 
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Experiment  11 

Question:  What  further  evidence  can 
I  find  of  oxidation  in  living  tilings? 

Materials:  A  clinical  (doctor’s)  ther¬ 
mometer  or  a  small  thermometer  that 
can  be  placed  in  the  mouth;  a  labora¬ 
tory  thermometer;  materials  for  Experi¬ 
ment  111. 

Directions:  (a)  Take  the  temperature 
of  the  room.  If  you  have  a  clinical  ther¬ 
mometer,  shake  down  the  mercury  in 
the  thermometer  without  jarring  and 
breaking  the  thermometer.  Then  take 
your  temperature  by  placing  the  ther¬ 
mometer  under  your  tongue  and  allow¬ 
ing  it  to  remain  two  or  three  minutes. 
If  you  have  no  clinical  thermometer, 
use  a  laboratory  thermometer  and  have 
a  classmate  read  it  without  removing  it 
from  your  mouth. 

(6)  Pack  the  sprouted  peas  loosely  in 
the  flask  or  thermos  bottle  until  about 
half  full.  Insert  the  stopper  bearing  the 
thermometer.  Allow  to  stand  for  two  or 
three  hours  or  until  next  day.  Then  read 
the  temperature  of  the  sprouted  seeds. 

Results:  Record  the  temperature  of 
the  room  and  that  of  the  human  body 
and  of  sprouting  seeds. 

Conclusion:  Answer  the  question. 

Experiment  12 

Question:  How  can  I  prepare  carbon 
dioxide?  What  can  I  learn  about  it? 

Materials:  Flask;  delivery  tube; 
thistle  tube ;  dry  ice ;  candles ;  tumblers ; 
limewater;  pieces  of  marble;  hydro¬ 
chloric  acid. 

Directions:  (a)  Set  up  a  generator  as 
shown  below.  Place  a  lump  of  dry 
ice  (solid  carbon  dioxide)  in  a  flask. 


Insert  a  fine  jet  in  the  end  of  the  de¬ 
livery  tube.  Half  fill  a  test  tube  with 
limewater,  and  put  the  end  of  the  de¬ 
livery  tube  into  the  limewater.  1.  What 
evidence  have  you  that  the  dry  ice  is 
vaporizing?  2.  How  do  you  know  that  a 
gas  given  off  by  the  dry  ice  is  carbon 
dioxide? 

(6)  Put  a  drop  of  hydrochloric  acid 
on  a  lump  of  marble.  Notice  that  the 
combination  fizzes  (effervesces) . 

(c)  Arrange  a  generator,  as  shown 
above.  Fill  it  quarter  full  with  small 
pieces  of  marble.  Add  dilute  hydro¬ 
chloric  acid  through  the  thistle  tube  and 
collect  the  gas  given  off  by  displacement 
of  water.  Collect  four  6-oz.  bottles  of 
gas.  Use  one  bottle  to  determine  the 
color,  taste,  and  odor  of  the  gas.  Add 
limewater  to  a  second  bottle  and  shake. 
3.  What  happens  to  the  limewater? 

{d)  Light  a  taper  and  thrust  it  into  a 
third  bottle.  4.  What  happens  and  why? 

(e)  Put  one-half  inch  of  limewater  in 
the  bottom  of  a  4-oz.  bottle.  Hold  the 
fourth  bottle  of  carbon  dioxide  with  the 
mouth  of  the  bottle  upward.  See  if  you 
can  pour  some  of  the  gas  that  it  con¬ 
tains  into  the  bottle  containing  the  lime- 
water.  You  cannot  see  that  you  are 
pouring  gas,  but  you  can  go  through 
the  motions.  Shake  the  bottle  containing 
the  limewater.  5.  What  happens,  and 
what  does  this  prove  concerning  the 
weight  of  carbon  dioxide? 
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Diagram :  Show  the  carbon  dioxide 
generators  in  action. 

Conclusion:  How  may  carbon  dioxide 
be  prepared?  What  are  its  color,  odor, 
weight?  Will  it  burn?  What  does  it  do 
to  the  fire?  How  can  you  show  that  car¬ 
bon  dioxide  is  present? 

Practical  application:  Effervescent 
drinks  fizz  because  they  contain  large 
quantities  of  dissolved  carbon  dioxide. 
One  type  of  fire  extinguisher  generates 
carbon  dioxide. 

Experiment  13 

Question:  How  can  I  find  the  per¬ 
centage  of  oxygen  in  the  air? 

Materials:  Large  test  tube;  fine  iron 
filings;  tumbler  of  water. 

Directions:  (a)  Fill  an  8  x  1  test 
tube  with  water  and  then  empty  it.  Pour 
a  few  iron  filings  into  the  test  tube  and 
roll  them  around  until  the  wet  sides  of 
the  test  tube  are  well  coated.  Put  the  test 
tube  mouth  down  into  the  tumbler  of 
water.  Label  it,  and  put  it  aside  for  two 
days.  1.  At  the  end  of  that  time  note 
what  has  happened. 

(6)  Raise  the  test  tube  until  the  level 
of  the  water  inside  and  outside  is  the 
same.  2.  What  proportion  of  air  has 
disappeared? 

(c)  Gently  place  your  thumb  over  the 
end  of  the  test  tube  under  water  and 
bring  it  right  side  up,  without  admitting 
air  into  it.  Thrust  a  spark  into  the  gas 
in  the  test  tube.  3.  Why  does  the  spark 
go  out?  4.  How  has  the  iron  changed 
color?  5.  What  has  settled  in  the  bottom 
of  the  test  tube?  6.  How  far  has  the 
water  risen  in  the  test  tube? 


Diagram:  A  titled  and  labeled  diagram 
showing  the  experiment  in  operation  is 
required. 

Conclusion:  7.  Why  did  the  water  rise 
in  the  test  tube?  8.  What  has  become  of 
the  oxygen  of  the  air?  9.  What  is  the 
new  substance  that  is  formed  from  the 
iron  filings?  10.  What  is  the  gas  that  is 
left  in  the  test  tube?  11.  Answer  the 
question. 

Experiment  14 

Question:  Does  air  contain  water 
vapor?  How  can  I  illustrate  the  forma¬ 
tion  of  dew? 

Materials:  Polished  metal  cup  or  a 
glass  tumbler;  ice;  cool  water. 

Directions:  Fill  a  tumbler  or  polished 
metal  cup  an  eighth  full  of  cool  water. 
Put  a  large  lump  of  ice  in  the  water  and 
place  on  the  outside  window  ledge.  Then 
stir  the  water  until  you  notice  a  mist 
beginning  to  form  on  the  outside  of  the 
cup. 

How  do  you  explain  the  fact  that 
sometimes  mist  does  not  form  and  the 
experiment  fails? 

Diagram:  A  titled  and  labeled  draw¬ 
ing  showing  the  apparatus  in  use  is  re¬ 
quired. 

Conclusion:  State  how  this  proves 
that  air  contains  dissolved  water,  and 
how  it  illustrates  the  formation  of  dew. 

Practical  application:  Is  dew  more 
likely  to  form  on  a  hilltop  or  a  valley? 

Note:  It  is  necessary  to  put  the  metal 
cup  outside  the  window  because  the 
humidity  (dissolved  water  vapor)  in  the 
room  is  often  so  low  that  dew  will  not 
form. 


Chapter  Four 

Preventing  Oxidation 


Preventing  slow  oxidation.  If 

you  have  ever  dropped  your  knife 
in  the  grass  and  found  it  several 
months  later,  you  know  how  oxida¬ 
tion  has  ruined  the  blade.  Wood  is 
usually  painted  or  varnished  to  keep 
away  the  air  and  thus  prevent  slow 
oxidation  and  ward  off  the  attacks 
of  bacteria  and  fungi  that  cause  de¬ 
cay.  Metals  are  painted  or  coated 
with  another  metal  that  does  not 
readily  oxidize.  The  red  paint  on 
iron  bridges  and  iron  fences  is  an 
oxide  of  lead,  called  red  lead ,  that 
sticks  to  the  iron  and  prevents  oxida¬ 
tion  of  the  iron.  The  radiator  shell 
of  an  automobile  is  plated  with 
nickel  or  chromium.  The  galvanized 
pail  in  the  kitchen  is  iron  covered 
with  zinc.  Slow  oxidation  is  pre¬ 
vented  by  covering  the  surface  of  the 
object  so  that  air  cannot  reach  it. 

Spontaneous  combustion.  One 
form  of  slow  oxidation  causes  a  real 
fire  hazard.  Paint  is  linseed  or  other 
oil  with  the  addition  of  coloring 
matter.  We  mentioned  in  the  last 
chapter  that  “drying”  of  paint  is 
really  oxidation  of  the  oil.  If  the 
painter  wipes  his  brush  on  a  rag  and 
then  for  the  sake  of  neatness  puts  the 
rag  in  a  pasteboard  box  and  shoves 
the  box  in  the  corner  of  a  closet,  a 
fire  is  likely  to  occur.  As  the  linseed 
oil  on  the  rag  oxidizes,  heat  is  pro¬ 


duced.  This  heat  cannot  readily  es¬ 
cape  from  the  box,  and  the  tempera¬ 
ture  of  the  rag  is  raised.  The  hotter 
the  rag  the  faster  the  oil  oxidizes, 
and  the  faster  the  oil  oxidizes  the 
hotter  the  rag  becomes.  In  a  few  days 
the  rag  reaches  its  kindling  tempera¬ 
ture  and  the  papers  report  a  mysteri¬ 
ous  fire. 

This  spontaneous  combustion 
(burning  of  its  own  accord)  may  oc¬ 
cur  in  many  substances.  Formerly 
coal  dust  from  soft  coal  carried  in 
ships  sometimes  would  oxidize  and 
spontaneous  combustion  would  set 
the  ship  afire.  Today  steamers  carry¬ 
ing  soft  coal  place  thermometers  in 
the  coal.  A  marked  rise  of  tempera¬ 
ture  indicates  slow  oxidation  and 
precautions  are  immediately  taken 
to  prevent  fire. 

Fire  losses.  Oxidation  not  only 
runs  the  world  but  destroys  much  of 
it.  Forest  fires  destroy  immense 
numbers  of  trees  and  cause  even 
greater  damage  through  loss  of  soil 
and  water  supply.  Fires  in  homes 
and  factories  destroy  property  and 
lives.  Fire  losses  in  the  United 
States  reach  the  enormous  total  of 
four  or  five  hundred  million  dollars 
a  year.  Practically  all  of  this  loss  is 
preventable. 

Most  fires  are  caused  by  careless¬ 
ness.  A  smoker  tosses  a  lighted  match 
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Carelessness  with  heaters  and  ruhhish  causes  many  serious  fires  in  homes 


or  a  cigarette  among  some  dry  leaves 
in  the  forest,  in  a  scrap  basket  in  the 
office,  or  on  some  oily  rags  in  the 
shop.  In  a  few  minutes  there  is  a 
devastating  forest  fire  or  a  factory 
goes  up  in  smoke,  with  the  possible 
loss  of  many  lives.  An  electric  iron 
is  left  on  the  ironing  board  with  the 
current  turned  on.  In  a  short  time  an 
apartment  house  is  on  fire.  No  matter 
how  careful  we  may  be  ourselves, 
an  accident  or  carelessness  of  a 
neighbor  may  put  our  property  in 
danger. 


Preventing  fires.  Stop  fires  be¬ 
fore  they  start.  Keep  oily  rags  in 
covered  iron  cans  or  burn  them  at 
once.  Do  not  pour  kerosene  into  the 
stove  or  furnace  to  start  the  fire.  Dry 
paper  and  dry  wood  are  just  as  effi¬ 
cient,  less  smoky,  and  far  safer.  See 
that  every  electric  switch  is  turned 
off  when  you  have  finished  with  the 
current.  See  that  every  smoker 
crushes  out  every  cigarette  and  every 
cigar  stump  and  every  lighted  match. 
Do  not  allow  a  lighted  stump  to  be 
thrown  from  the  window  of  an  auto 


or  a  railroad  car.  In  the  woods  soak 
your  camp  fire  with  water  before  you 
leave  it.  Train  yourself  to  break 
every  match  before  you  throw  it 
away.  You  will  not  break  a  lighted 
match.  When  you  burn  rubbish,  be 
sure  that  the  fire  does  not  spread  to 
dry  grass. 

What  starts  fires.  No  fires  can 
start  without  three  things :  ( 1 )  some¬ 
thing  to  bum;  (2)  oxygen  to  support 
combustion;  (3)  heat  enough  to  start 
the  union. 

We  have  spoken  of  the  first  two; 
let  us  examine  the  third.  All  things 
are  not  equally  hungry  for  oxygen. 
In  starting  a  fire  in  the  stove,  you 
ignite  paper  or  thin  shavings,  then 
heavier  wood,  then  when  the  wood 
is  roaring,  you  add  coal.  Phosphorus 
is  so  greedy  for  oxygen  that  it  is 
stored  in  the  laboratory  under  water. 

If  a  piece  of  phosphorus  dries  out 
in  the  air,  it  takes  fire.  Iron,  on  the 
contrary,  must  be  heated  to  a  very 
high  temperature  before  it  ignites 
even  in  pure  oxygen.  Each  substance 
has  its  own  kindling  temperature. 

Preparation  against  fire.  Think 
in  advance  just  what  you  would  do 
in  case  of  fire.  What  is  the  location 
of  the  nearest  fire-alarm  box,  and 
how  would  you  send  in  an  alarm? 
How  would  you  use  the  telephone  to 
send  in  an  alarm?  Where  is  the  fire 
escape  in  your  home,  school,  hotel, 
or  theater?  If  it  should  be  shut  off 
by  fire,  what  other  exit  could  you 
use?  If  your  neglected  picnic  fire 
spreads  into  the  woods,  what  should 
you  do?  Knowing  the  answers  to  such 
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The  good  camper  covers  the  ashes  of 
his  campfire  or  soaks  them  with  water 

questions  as  these  may  save  your  life 
and  the  lives  of  others.  If  you  know, 
you  are  less  likely  to  “lose  your 
head.” 

What  to  do  in  case  of  fire. 

When  fires  first  start,  they  are  often 
readily  extinguished.  It  is  better  to 
pull  down  a  blazing  curtain  than  to 
run  out  and  call  the  fire  department. 
A  few  cupfuls  of  water  thrown  on  a 
small  fire  will  often  stop  it.  Remem¬ 
ber  the  first  and  main  rule  in  an 
emergency.  Keep  cool.  Remember 
next  that  smokes  rises,  therefore  by 
crawling  on  hands  and  knees  you 
may  escape  from  a  smoke-filled 
room  when  the  smoke  would  suffo¬ 
cate  you  if  you  stood  up.  A  wet  towel 
or  a  handkerchief  over  the  nose  helps. 

In  school  the  fire  drill  is  of  grave 
importance.  Should  a  panic  start  in 
a  school,  there  would  be  loss  of  life. 
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Therefore  we  have  fire  drills.  If  we 
all  know  exactly  what  to  do  and  how 
to  do  it,  there  will  be  no  loss  of  life. 
In  fire  drills  do  your  utmost  to  live 
up  to  all  the  rules  and  see  that  your 
comrades  do  the  same. 

Should  your  clothes  catch  fire,  re¬ 
member  that  air  is  necessary  for 
combustion.  Throw  yourself  down 
on  the  floor  and  draw  a  rug,  coat,  or 
blanket  around  you,  thus  smothering 
the  fire.  If  you  remain  standing,  the 
flames  will  naturally  rise,  will  en¬ 
velop  your  head  and  you  may  inhale 
them.  If  you  lie  flat  on  the  floor,  this 
will  not  happen.  Do  not  run .  Run¬ 
ning  fans  the  flames  and  will  surely 
result  in  your  being  badly  burned. 
If  possible,  tear  off  your  burning 
clothing,  but  in  any  case  keep  the 
flames  away  from  your  face  and  do 
not  inhale  them. 

Burns.  A  bum  may  be  either 
superficial,  causing  only  a  slight  in¬ 
jury,  or  it  may  actually  destroy 
tissue,  which  is  a  serious  matter.  A 
slight  burn  is  best  treated  by  keeping 
air  from  it.  Covering  it  with  mineral 
oil  does  this.  A  somewhat  better 
method  is  to  use  carron  oil,  which  is 
prepared  by  shaking  together  equal 
volumes  of  limewater  and  linseed  or 
olive  oil.  Pour  plenty  of  this  on  the 
burn.  There  are  excellent  ointments 
prepared  for  burns,  and  one  should 
ask  one’s  doctor  or  druggist  to  sug¬ 
gest  one  of  these  and  keep  a  tube 
ready  for  an  emergency.  A  deep 
burn  may  be  treated  in  this  way  until 
the  doctor  comes,  but  such  burns 
always  require  medical  attention. 


Petrolatum  (petroleum  jelly)  or 
a  mineral  oil  may  be  used  if  carron 
oil  or  other  prepared  remedy  is  not 
at  hand.  Petroleum  products  are  bet¬ 
ter  dressings  for  burns  than  either 
butter  or  baking  soda  and  are  usu¬ 
ally  just  as  handy. 

Never  put  a  dry  cloth  on  a  burn. 
The  cloth  will  stick  and  when  re¬ 
moved,  will  bring  the  skin  with  it. 
Always  soak  the  cloth  in  oil  before 
using  it  to  bandage  a  burn,  and  never 
tie  it  tightly.  The  cloth  should  be 
used  only  as  a  cover  for  the  injured 
part. 

Fire  extinguishers.  Water  puts 
out  a  fire  for  four  reasons:  (1)  It 
keeps  oxygen  from  the  burning  ma¬ 
terial.  (2)  It  cools  the  burning  sub¬ 
stance  below  its  kindling  point.  (3) 
To  change  water  to  steam  requires 
heat  and  much  of  this  heat  must 
come  from  the  burning  substance, 
thus  cooling  it  below  its  kindling 
point.  (4)  It  produces  steam  which 
acts  as  a  blanket  and  shuts  off  the 
supply  of  oxygen. 

Instead  of  a  heavy  stream  of 
water,  a  fine  spray  is  often  used  by 
fire  fighters.  A  fine  spray  is  espe¬ 
cially  valuable  in  forest  ground  fires 
and  in  cellars  and  enclosed  spaces. 
The  spray  or  fog  extinguishes  fires 
quickly  without  damage  from  heavy 
streams  of  water  from  the  fire  hose. 
Forest  fire  fighters  may  use  either  a 
spray  or  a  small  stream  from  tanks 
of  water  carried  on  their  backs. 

There  are  two  common  fire  ex¬ 
tinguishers  suitable  for  home  use. 
One  is  a  small  container  having  a 
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pump  worked  up  and  down  by  a 
handle  (see  Fig.  C).  A  fine  stream 
of  liquid  is  forced  out  of  a  hole  in 
the  bottom  of  the  container.  The 
liquid  is  carbon  tetrachloride,  a 
heavy  liquid  that  easily  changes  into 
a  noncombustible  (nonbuming)  gas. 
Pumping  a  stream  of  this  liquid  at 
the  base  of  the  fire  extinguishes  it 
because  the  gas  produced  makes  a 
blanket  that  keeps  the  oxygen  away 
and  so  prevents  burning. 

In  one  form  of  fire  extinguisher 
(Fig.  B)  the  carbon  tetrachlor¬ 
ide  is  contained  in  a  sealed  glass 
bottle.  The  bottle  is  thrown  into  the 
fire  and  broken.  The  gas  immedi¬ 
ately  formed  extinguishes  the  fire. 

Another  type  of  fire  extinguisher 
is  a  copper  tank  with  a  solution  of 
sodium  bicarbonate  (baking  soda). 
In  the  upper  part  of  the  tank  is  a 
bottle  of  sulfuric  acid  (Fig.  A). 
A  rubber  tube  ending  in  a  small 
nozzle  is  attached  to  the  top.  When 
the  tank  is  inverted,  the  acid  and  the 
bicarbonate  mix.  A  chemical  change 
takes  place  and  carbon  dioxide  is  set 
free.  This  creates  pressure  in  the 
tank  and  a  mixture  of  the  gas  and 
water  is  driven  through  the  nozzle. 
The  fire  may  be  extinguished  by  di¬ 
recting  this  jet  against  it.  A  chemical 
engine  used  by  many  fire  depart¬ 
ments  for  small  fires  uses  a  similar 
device. 

Solid  carbon  dioxide,  dry  ice,  is 
also  used  as  a  fire  extinguisher.  Car¬ 
bon  dioxide  gas  is  contained  under 
heavy  pressure  in  tanks.  When  re¬ 
leased  through  a  valve,  the  gas  cools 


Figure  A  illustrates  a  fire 
extinguisher  that  generates 
carbon  dioxide  by  the  ac¬ 
tion  of  acid  on  soda.  This 
can  be  done  experimentally 
as  shown  in  Experiment  16. 
Figure  B  is  a  bottle  of  car¬ 
bon  tetrachloride  that  is 
broken  over  a  fire  to  extin¬ 
guish  it,  and  the  apparatus 
shown  in  Figure  C  throws 
a  stream  of  carbon  tetra¬ 
chloride  over  the  fire  when 
pumped  by  the  handle 


to  such  low  temperature  by  expan¬ 
sion  that  it  falls  as  a  solid  carbon 
dioxide  snow.  Directed  at  the  fire, 
the  carbon  dioxide  snow  warms 
again  to  a  gas  and  extinguishes  the 
fire  by  depriving  it  of  oxygen. 

Cooling  by  carbon  dioxide  snow 
is  also  important  in  lowering  the 
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temperature  below  that  at  which  the 
materials  hum. 

Foam  is  sometimes  used  in  fire 
fighting.  A  solution  of  sodium  bicar¬ 
bonate  containing  an  extract  of  lic¬ 
orice  root  is  mixed  with  a  solution  of 
aluminum  sulfate  as  the  solutions 
pour  from  the  nozzle  of  the  appara¬ 
tus  upon  the  fire.  The  aluminum  and 
licorice  form  a  tough  film  which  be¬ 
comes  a  foam  filled  with  bubbles  of 
carbon  dioxide.  The  foam  covers  the 
fire  and  shuts  out  the  oxygen,  so  ex¬ 
tinguishing  it.  Foam  methods  are 
especially  valuable  in  fighting  oil 
fires.  Never  throw  water  on  an  oil  or 
gasoline  fire.  Oil  and  gasoline  are 
lighter  than  water.  They  float  away 
on  the  top  of  the  water,  burning  as 
they  go  and  so  spreading  the  fire. 
Throw  sand  or  dirt  on  an  oil  fire  or 
use  a  fire  extinguisher  charged  with 
carbon  tetrachloride. 


Experiment  15 

Question:  How  can  I  show  the  differ¬ 
ent  kindling  temperatures  of  phos¬ 
phorus,  sulfur,  wood,  and  coal? 

Materials:  A  four-armed  cross  of 
sheet  copper;  ring-stand  burner;  phos¬ 
phorus;  sulfur;  wood;  and  coal. 

Directions:  Support  the  copper  cross 
on  a  ring  stand.  Place  one  of  the  sub¬ 
stances  at  the  end  of  each  arm  and  heat 


SULFUR 


WOOD 


PHOSPHORUS 


Apparatus  to  show 
different  kindling 
temperatures 


the  middle  by  the  Bunsen  burner,  taking 
care  to  place  it  so  that  each  arm  is 
equally  heated.  Note  the  order  in  which 
the  substances  catch  fire. 

Diagram:  A  titled  and  labeled  dia¬ 
gram  showing  the  apparatus  in  opera¬ 
tion  is  required. 

Conclusion:  State  which  substance 
has  the  lowest  kindling  temperature. 
Name  the  others  in  the  order  in  which 
they  burn. 

Practical  application:  A  match  con¬ 
sists  of  a  stick  soaked  in  paraffin  to 
make  it  damp  proof.  The  top  of  the 
stick  is  tipped  with  a  mixture  of  some 
oxidizing  agent  (substance  which  read¬ 
ily  gives  off  oxygen) ,  as  potassium  chlo¬ 
rate,  glue,  powdered  glass,  and  a  com¬ 
pound  of  phosphorus.  When  we  strike 
the  match,  friction  between  the  powdered 
glass  and  the  striking  surface  gives  heat. 
The  phosphorus  compound  is  heated  to 
its  kindling  temperature.  The  oxidizing 
agent  gives  oxygen  to  support  the  com¬ 
bustion.  The  phosphorus  burns,  the 
wood  is  heated  to  its  kindling  tempera¬ 
ture,  and  the  match  burns.  In  a  safety 
match  the  mixture  is  divided,  the  head 
of  the  match  having  all  the  substances 
except  the  phosphorus  compound,  which 
is  placed  on  the  box;  What  is  the 
advantage  of  a  safety  match?  How  do 
we  make  use  of  kindling  temperature  in 
building  a  coal  fire  in  stoves? 

A  burning  match  thrust  into  a  pail  of 
kerosene  is  extinguished,  while  a  pail  of 
kerosene  thrown  on  a  large  bonfire  re¬ 
sults  in  a  tremendous  fire.  Why? 

Note:  The  experiment  of  thrusting  a 
burning  match  into  a  pail  of  kerosene 
is  not  advised.  There  is  danger. 

Wood  burns  readily,  yet  a  bag  of  saw¬ 
dust  emptied  on  a  small  fire  extinguishes 
it.  Why? 

Experiment  16  (Teacher  Demonstra¬ 
tion) 

Question:  How  can  I  make  a  model 
fire  extinguisher? 
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Materials:  Sulfuric  acid;  sodium  bi¬ 
carbonate  (baking  soda  or  saleratus) ; 
vial;  an  8-oz.  bottle  fitted  with  delivery 
tube. 

Directions:  Half  fill  the  bottle  with  a 
solution  of  baking  soda.  Half  fill  the 
small  vial  with  diluted  sulfuric  acid 
and  carefully  lower  it  into  the  bottle  so 
that  it  floats  on  the  solution  of  baking 
soda.  Cork  the  bottle  with  a  rubber 
stopper  and  delivery  tube.  The  end  of 
the  glass  delivery  tube  is  drawn  out  into 


A  model  fire  extin¬ 
guisher.  The  small  bot¬ 
tle  contains  dilute  acid 
and  floats  in  a  baking 
soda  solution.  To  oper¬ 
ate,  turn  upside  down 


a  fine  jet.  It  is  safer  to  tie  the  cork  on 
tightly,  for  pressure  of  gas  sometimes 
blows  out  the  cork. 

Invert  the  bottle.  The  acid  and  the 
bicarbonate  will  mix,  and  carbon  diox¬ 
ide  gas  will  be  set  free.  This  causes  a 
pressure  inside  the  bottle  and  forces  the 
gas  and  liquid  out  through  the  fine  jet. 
Light  a  few  crumpled  papers,  place  them 
in  a  tin  pan,  and  direct  the  stream  of 
liquid  at  the  fire.  Why  is  the  fire  extin¬ 
guished? 

Avoid  getting  the  liquid  on  your 
clothes,  as  it  will  leave  a  stain. 

Diagram:  A  titled  and  labeled  dia¬ 
gram  showing  the  apparatus  in  use  is 
required. 

Conclusion:  Answer  the  question. 

Practical  application:  The  model  you 
made  is  similar  to  the  large  extinguish¬ 
ers  used  commercially.  They  are  cheap 
and  efficient. 


Questions  to  Think  Out 


1.  How  many  pounds  of  air  are  in 
your  classroom? 

2.  Do  you  weigh  more  or  less  be¬ 
cause  of  air  pressure? 

3.  Make  a  magic  shower  bath  with 
a  tin  can  and  a  piece  of  cheesecloth. 
Punch  a  hole  in  one  end  of  the  tin 
can,  such  that  you  can  close  it  with 
your  finger,  and  cover  the  other  end 
with  the  cheesecloth.  Close  the  hole  with 
the  finger.  Fill  the  can  with  water  and 
invert  it.  Why  does  not  the  water  run 
out?  Raise  the  finger.  Why  does  the 
water  run  out? 

4.  Why  is  it  not  necessary  to  carry 
the  barometer  out  of  doors  to  make  a 
reading? 

5.  How  high  would  the  mercury 
stand  in  the  barometer  if  the  tube  were 
three  inches  in  diameter? 

6.  If  you  placed  a  bottle  of  milk 
and  a  glass  on  a  table,  could  you  fill  the 
glass  with  a  siphon?  Could  you  empty 
the  bottle? 


7.  If  a  boat  lying  high  on  the  beach 
were  filled  with  water,  could  you  siphon 
the  water  out?  If  the  boat  were  in  the 
water,  could  you  siphon  the  water  out? 

8.  Pour  some  kerosene  into  half  a 
tumbler  of  water.  What  happens?  Why? 
Would  a  lift  pump  raise  kerosene  to  the 
same  height  as  water? 

9.  If  air  pressure  in  a  tire  is  35 
pounds  before  a  blowout,  what  is  it 
afterwards?  If  the  pressure  were  35 
pounds  at  sea  level,  how  would  the  tire 
seem  when  you  drove  to  the  top  of  a 
high  mountain? 

10.  Why  does  water  gurgle  and  bub¬ 
ble  out  of  a  bottle  instead  of  flowing  out 
smoothly  as  it  does  from  a  pitcher? 

11.  Why  is  it  difficult  to  get  con¬ 
densed  milk  out  of  a  can  with  only  one 
hole  punched  in  the  top?  What  is  the 
remedy? 

12.  Why  are  the  ends  of  a  can  of 
tomatoes  usually  somewhat  dented  in? 
What  would  bulging  ends  indicate? 
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Why  is  there  a  hissing  sound  when  you 
pierce  the  top  of  the  can  with  a  can 
opener? 

13.  What  holds  the  rubber  cap  with 
the  coat  hanger  or  the  glare  shield  on 
the  window  of  an  automobile? 

14.  Why  can  you  not  raise  water 
more  than  34  feet  with  a  siphon? 

15.  How  can  you  get  gasoline  out  of 
an  auto  tank? 

16.  If  you  started  a  siphon  on  the 
platform  of  an  air  pump  and  then  cov¬ 
ered  the  tank  with  a  bell  jar  and  ex¬ 
hausted  the  air,  what  would  happen? 
Why? 

17.  The  moon  has  no  atmosphere. 
How  would  a  balloon  act  there? 

18.  If  you  boil  water  thoroughly, 
cool  it,  and  then  put  fish  into  it,  the  fish 
will  probably  spend  most  of  the  time  at 
the  top  of  the  water.  Why? 

19.  Would  air  have  the  same  pres¬ 
sure  at  the  bottom  of  a  mine  a  mile 
deep  as  at  the  top? 

20.  Climbers  in  high  mountains 
sometimes  suffer  with  nosebleed.  Why? 

21.  Why  does  a  football  bounce? 

22.  Where  is  the  atmosphere? 

23.  If  nitrogen  were  burned  in  oxy¬ 
gen,  would  carbon  dioxide  be  produced? 

24.  Should  you  expect  carbon  diox¬ 
ide  to  burn  in  pure  oxygen?  Explain. 

25.  A  well  cleaner  lowers  a  lighted 
lantern  into  a  well  before  descending.  If 
the  lantern  goes  out,  he  does  not  de¬ 
scend.  What  gas  is  in  the  well  to  ex¬ 
tinguish  the  lantern?  Why  does  it  stay 
there? 

26.  Why  do  spectacles  sometimes  be¬ 
come  covered  with  mist  when  the  wearer 
enters  a  room? 


27.  Why  does  a  fire  smoke  when 
first  started?  Why  does  a  camp  fire 
blaze  up  when  you  poke  it? 

28.  Why  does  a  lamp  smoke  when 
turned  too  high?  Why  do  shavings 
catch  fire  more  readily  than  heavy 
wood? 

29.  Do  you  suppose  a  mouse  would 
live  longer  in  a  jar  of  pure  oxygen  than 
in  air? 

30.  Could  nitrogen  be  used  for  filling 
balloons? 

31.  What  gas  of  the  air  goes  into  the 
fire  in  greatest  quantities?  What  gas 
does  most  of  the  work  in  keeping  the 
fire  burning? 

32.  Certain  bacteria,  such  as  those 
that  cause  lockjaw  (tetanus),  live  deeply 
buried  in  the  flesh.  Where  do  they  get 
oxygen  ? 

33.  Although  our  bodies  cannot  take 
nitrogen  from  the  air,  the  nitrogen  is  of 
great  benefit  to  us.  How  is  nitrogen 
beneficial  to  us? 

34.  Often  the  wash  on  the  clothes¬ 
line  dries  very  slowly  on  a  hot  day. 
Why? 

35.  Why  does  the  oiling  of  tools  pre¬ 
vent  rust? 

36.  Why  is  coal  dust  more  likely  to 
ignite  spontaneously  than  coal  in  the 
bin? 

37.  If  you  saw  a  child  running  with 
its  clothes  afire,  what  should  you  do? 

38.  If  the  pupil  next  to  you  stumbled 
and  fell  in  a  fire  drill,  what  should  you 
do? 

39.  Make  a  list  of  all  the  fire  hazards 
in  your  house  and  school.  Decide  how 
each  of  these  fire  hazards  could  be  re¬ 
moved. 


Unit  Two 

Water:  How  Science 


Has  Forced  It  to 

Serve 


Early  man  lived  where  there  was  water . 
He  had  no  means  of  bringing  it  to  him.  The 
Romans  built  great  stone  aqueducts  that 
brought  pure  water  to  their  cities.  Our  demands 
for  water  have  grown  with  civilization.  We 
need  it  not  only  for  drinking  and  for  washing , 
but  also  for  manufacturing ,  for  power ,  for 
heating ,  and  for  a  variety  of  other  uses. 

Water,  the  giver  of  life,  has  been  also  the 
bearer  of  death.  Plagues  of  typhoid  fever  and 
cholera,  water-borne  plagues,  have  made  cities 
dreaded  by  country  dwellers. 

In  this  unit  we  shall  study  what  water  is 
and  its  laws  of  action.  We  shall  study  the  op¬ 
eration  of  these  laws  in  our  homes  and  out-of- 
doors,  in  the  forces  of  nature  and  in  develop¬ 
ing  power  for  our  machines.  We  shall  see  the 
laws  in  operation  when  water  supports  our 
great  ships  and  our  submarines.  We  shall 
study  how  cities  and  nations  provide  pure 
water  in  the  vast  quantities  needed  in  modern 
life — water  free  from  disease.  We  shall  see 
how  water  is  treated  chemically  to  make  it 
suitable  for  household  and  industrial  uses. 

( 1 )  (4)  Ewing  Galloway,  N.Y.,  (2)  Philip  Gendreau 
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Chapter  Five 

Some  Water  Science 


When  water  boils.  It  takes 
longer  to  boil  potatoes  at  Denver 
than  at  Chicago,  not  because  Chicago 
is  a  fast  city  but  because  Denver  is 
a  mile  high.  Water  boils  at  212°  F. 
(100°  C.)  at  sea  level.  Atmospheric 
pressure  at  sea  level  is  15  pounds  to 
the  square  inch,  but  with  increased 
altitude  it  becomes  less.  As  the  pres¬ 
sure  decreases,  the  boiling  point  de¬ 
creases.  At  Denver  water  boils  at 
about  202°  F.  Potatoes  must  be 
boiled  longer  to  cook  them  at  202° 
F.  The  lower  the  pressure  is  the 
lower  the  boiling  point,  and  the 
higher  the  pressure  is  the  higher  the 
boiling  point.  In  steam  boilers  in¬ 
creased  pressure  raises  the  boiling 
point  far  above  the  normal  212° 
F.,  in  some  cases  to  400°  F. 

The  pressure  cooker.  If  you 
live  in  the  high  mountains  or  have 
a  summer  home  there,  you  can  beat 
nature  by  raising  the  boiling  point 
within  the  cooking  pot.  When  a  vessel 
containing  boiling  water  is  entirely 
inclosed,  the  pressure  of  the  confined 
steam  increases  and  the  temperature 
of  the  boiling  water  rises.  This  prin¬ 
ciple  is  used  in  the  pressure  cooker. 
Food  that  is  cooked  in  a  pressure 
cooker  will  be  cooked  at  a  higher 
temperature  than  in  an  open  pot. 
The  food  to  be  cooked  is  placed  in 
the  cooker  and  the  lid  is  screwed  on. 


A  steam-pressure  gauge  indicates 
the  pressure  and  a  thermometer 
shows  the  temperature  of  the  con¬ 
fined  food.  A  safety  valve  auto¬ 
matically  opens  before  the  pressure 
becomes  great  enough  to  be  danger¬ 
ous. 

Even  at  sea  level  pressure  cookers 
save  fuel  because  the  cooking  time 
is  reduced.  The  foods  are  softened 
and  sterilized  to  a  degree  impossible 
at  the  lower  temperatures  employed 
in  ordinary  cooking.  A  pressure 
cooker  called  an  autoclave  is  used 
in  hospitals  and  laboratories  for 
sterilizing  instruments  and  surgical 
dressings  and  for  cooking  foods  and 
heating  liquids. 

Waterless  cookers  are  really 
types  of  pressure  cookers  that  use 
the  water  which  is  contained  in  meats 
and  vegetables.  They  are  efficient  and 
reliable  but  do  not  attain  the  high 
pressures  of  the  pressure  cooker. 

Why  steam  has  power.  Water, 
like  other  substances,  expands  upon 
heating  (Exp.  61).  The  expansion 
continues  regularly  from  a  few  de¬ 
grees  above  freezing  up  to  212°  F. 
(100°  C.),  the  boiling  point.  At  that 
point,  as  liquid  water  changes  to 
steam,  it  suddenly  expands  enor¬ 
mously.  It  is  the  pressure  due  to 
this  expansion  that  gives  steam  its 
power. 
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Why  a  pond  freezes  from  the 
top.  Did  you  ever  wonder  why  a 
pond  does  not  freeze  first  at  the  bot¬ 
tom  instead  of  at  the  top?  Water  has 
a  very  peculiar  trick  upon  cooling. 
Like  other  substances,  water  at  ordi¬ 
nary  temperatures  contracts  on  cool¬ 
ing.  As  it  contracts,  each  cubic  inch 
contains  more  water  and  is  therefore 
heavier.  Because  it  is  heavier,  it 
sinks.  The  contraction  continues 
down  to  about  39°  F.  (4°  C.) .  At  that 
temperature  water  performs  the  pe¬ 
culiar  trick.  It  expands  if  it  is  cooled 
further.  Therefore  it  becomes  lighter 
and  rises  to  the  top  of  the  pond.  The 
expansion  continues  on  down  to  32° 
F.  (0°  C.),  at  which  point  water 
freezes  (Exp.  158).  At  the  freezing 
point,  therefore,  the  lightest  water  is 
at  the  top  of  the  pond. 

The  hot-water  boiler.  Water  is 
lighter  (less  dense)  when  warm,  and 
heavier  (denser)  when  cool.  We  rec¬ 
ognize  this  fact  in  heating  water  for 
household  use.  The  supply  of  hot 
water  in  the  home  is  usually  obtained 
from  a  storage  tank.  The  water  is 
heated  by  a  stove  or  in  a  pipe  coil 
of  an  independent  gas  or  oil  heater, 
a  type  of  which  is  shown.  Very  often 
the  coil  is  placed  in  the  fire  box  of 
a  furnace.  In  all  cases  the  principle 
is  the  same.  Water  coming  from  the 
bottom  of  the  tank  is  made  to  pass 
through  a  pipe  or  coil  or  a  water 
jacket.  When  the  water  is  heated,  it 
expands,  becomes  lighter,  and  is 
pushed  up  by  the  colder,  heavier 
water.  The  hot  water  is  thus  trans¬ 
ferred  to  the  top  of  the  boiler  where 


Diagram  of  a  gas  water  heater 


it  remains  until  it  is  drawn  off 
through  the  house  faucets. 

In  the  instantaneous  gas  heater, 
the  gas  is  automatically  turned  on 
and  lighted  by  a  pilot  light  when  the 
faucet  is  opened.  Heat  of  the  burn¬ 
ing  fuel  heats  the  water  in  a  copper 
coil. 

Water  pressure.  If  you  have 
carried  a  bucket  of  water  up  several 
flights  of  stairs,  you  know  that  it  is 
heavy.  A  cubic  foot  of  water  weighs 
62.4  pounds  (at  39°  F.,  4°  C.).  It 
is  clear  that  this  weight  will  cause 
pressure,  and  a  pressure  of  62.4 
pounds  a  square  foot  is  a  valuable 
force  that  can  be  put  to  work. 
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The  weight  of  water  also  must  be 
reckoned  with  when  water  is  stored 
to  be  used.  The  water  contained  in 
a  tank  exerts  a  considerable  pressure 
on  the  bottom  and  sides  of  the  tank. 
This  is  shown  in  our  next  experi¬ 
ment.  For  this  we  need  a  pressure 
gauge  called  a  manometer. 

Half  fill  a  U-tube  with  water  col¬ 
ored  with  red  ink.  Cork  one  end  of 
the  tube  with  a  stopper  having  a  hole 


A  homemade  manometer  or  pressure 
gauge.  Explain  the  change  of  level  in 
the  figure  on  the  right 


Apparatus  to  study  pressure  of  water 
at  varying  depths  and  in  varying  di¬ 
rections.  How  would  this  principle 
affect  the  thickness  of  a  dam  at  its 
top  and  bottom? 


in  it.  Put  a  short,  bent  glass  tube 
through  the  hole.  Attach  a  rubber 
tube  to  the  glass  tube.  Note  that  the 
water  stands  at  the  same  level  in  both 
arms  of  the  U-tube.  A  rubber  band 
around  the  U-tube  serves  to  mark  the 
position  of  the  water.  Blow  through 
the  rubber  tube,  thus  increasing  the 
pressure  on  the  water.  Notice  that 
the  levels  of  the  water  in  the  two  arms 
change.  Blowing  gently  causes  only 
a  slight  change,  while  blowing  hard 
causes  a  much  greater  change  in 
level.  This  device  is  a  crude  manom¬ 
eter  with  which  we  can  measure 
small  pressures. 

Tie  a  piece  of  thin  rubber  (rubber 
dam)  over  the  end  of  a  funnel  and 
then  connect  the  end  of  the  funnel 
with  the  rubber  tube  from  the  ma¬ 
nometer.  Immerse  the  funnel  in  a  tall 
battery  jar  filled  with  water  as  shown 
in  the  picture.  Notice  that  as  you 
push  the  funnel  down  into  the  water 
the  pressure  shown  on  the  manometer 
increases.  If  a  depth  of  3  inches 
causes  a  certain  water  pressure,  a 
depth  of  6  inches  will  cause  twice 
the  pressure.  Evidently  water  pres¬ 
sure  depends  on  the  depth.  At  a 
depth  of  1  foot  water  exerts  a  pres¬ 
sure  of  62.4  pounds  on  a  square  foot. 
A  depth  of  100  feet  will  give  a  pres¬ 
sure  of  6240  pounds  a  square  foot. 
Therefore,  dams  are  thicker  at  the 
bottom  than  at  the  top  (shown  on 
page  45,  picture  2).  The  suggestion 
is  sometimes  made  that  submarines 
might  be  used  to  recover  treasures 
from  ships  sunk  in  water  a  mile  or 
more  deep.  Why  is  this  impossible? 
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Turn  the  funnel  sideways,  so  that 
the  rubber  dam  stands  vertical.  Find 
the  pressure  on  the  rubber  when  its 
center  is  3  inches,  and  when  its  cen¬ 
ter  is  6  inches,  below  the  surface. 
Note  that  again  the  pressure  depends 
on  the  depth  below  the  surface.  At 
6  inches  below  the  pressure  is  twice 
what  it  is  at  3  inches  below. 

Put  the  funnel  6  inches  under  the 
surface  and  determine  the  pressure. 
Keeping  the  center  of  the  rubber  6 
inches  under  the  surface,  turn  the 
funnel  in  various  directions.  You 
will  find  that  the  pressure  always  re¬ 
mains  the  same — that  is,  at  any  one 
point  the  pressure  is  the  same  in  all 
directions. 

Why  things  float.  When  you 
were  swimming,  did  you  ever  pick 
up  a  big  stone  from  the  bottom  of 
the  pool?  If  you  did,  you  found  it 


Ewing  Galloway,  N.Y. 

This  experiment  teaches  how  much 
weight  a  body  loses  in  water.  Study 
the  arrows  in  the  left  figure  and  tell 
why  a  body  loses  weight 


came  up  easily  enough,  but  suddenly 
got  heavy  when  you  tried  to  take  it 
out  of  the  water.  You  have  noticed 
that  a  cork  floats  in  water  and  that 
a  piece  of  iron  sinks.  Have  you  ever 
wondered  why  a  great  steel  ship 
floats  and  a  small  steel  nail  sinks? 

A  few  simple  experiments  will 
help  to  explain  buoyancy ,  the  tend¬ 
ency  to  float.  Weigh  a  small  stone  or, 
better,  a  cube  of  marble.  Write  down 
the  weight  as  weight  in  air.  Then  tie 
a  string  to  the  marble,  lower  it  into 
a  glass  of  water,  and  with  a  spring 
balance  weigh  it  immersed  in  water. 
Write  down  the  weight  in  water.  You 
find  that  it  weighs  less  in  water. 
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When  the  marble  is  lowered  into  the 
water,  it  pushes  the  water  aside  to 
make  room  for  itself.  The  water  tries 
to  push  back.  It  pushes  on  all  six 
faces  of  the  cube.  The  pressure  on 
the  four  side  faces  is  equal.  The  up¬ 
ward  pressure  on  the  bottom,  how¬ 
ever,  is  greater  than  the  downward 
pressure  on  the  top  because  the  bot¬ 
tom  is  lower  in  the  water  and  water 
pressure  increases  with  the  depth. 
The  difference  between  the  upward 
pressure  of  the  water  and  the  down¬ 
ward  pressure  is  the  lifting  or  buoy¬ 
ant  force. 

Now,  by  experiment,  measure  the 
force  or  weight  of  the  water  that  is 
pushed  aside  by  the  marble.  Fill  a 
glass  brimful  of  water  and  set  the 
glass  in  a  pan.  Then  lower  the  block 
of  marble  into  the  glass,  saving  the 
water  that  is  displaced  by  the  marble 
and  overflows  into  the  pan.  Weigh 
this  displaced  water.  Compare  this 
weight  with  the  weight  lost  by  the 
stone  when  you  weighed  it  in  water. 
The  loss  of  the  weight  in  water  equals 
the  weight  of  the  water  displaced. 
This  is  a  very  important  principle. 
It  was  discovered  twenty  centuries 
ago  by  Archimedes  of  Sicily.  The 
principle  of  Archimedes  may  be 
stated  thus :  “A  body  immersed  in  a 
liquid  loses  a  weight  equal  to  the 
weight  of  the  liquid  displaced.” 
Perhaps  an  easier  way  to  remember 
it  is:  “The  loss  of  weight  in  a  liquid 
equals  the  weight  of  the  liquid  dis¬ 
placed.”  The  architects  who  design 
our  great  ships  today  use  the  prin¬ 
ciple  of  Archimedes. 


To  understand  why  steel  ships 
float,  try  an  experiment  on  the  water 
displaced  by  a  floating  body.  Weigh 
a  small  block  of  wood.  Again  fill  the 
glass  brimful  of  water  and  set  it  in 
the  pan.  Gently  lower  the  block  of 
wood  into  the  glass  of  water  and 
weigh  the  water  displaced  as  you 
did  before.  The  weight  of  the  float¬ 
ing  block  of  wood  equals  the  weight 
of  the  water  displaced.  Look  back  at 
your  record  of  the  experiment  with 
the  block  of  marble.  The  marble 
weighed  more  than  the  water  dis¬ 
placed.  When  the  object  weighs  more 
than  the  water  displaced,  it  sinks. 
When  the  object  weighs  the  same  as 
the  water  displaced,  the  water  holds 
it  up.  Make  sure  that  you  remember 
this  principle  of  floating  bodies:  a 
floating  body  displaces  its  weight  of 
liquid. 

The  secret  of  floating  a  steel  ship 
lies  in  designing  a  ship  so  that  it  will 
displace  a  large  amount  of  water. 
The  larger  the  quantity  of  water  dis¬ 
placed,  the  greater  the  buoyancy. 
You  can  illustrate  with  a  piece  of  tin 
foil  folded  into  the  shape  of  a  boat. 
Such  a  tin-foil  boat  floats,  but  if  you 
roll  the  same  piece  of  tin  foil  into  a 
tight  ball,  it  sinks.  The  tin-foil  boat 
presents  greater  surface  to  the  water 
and  displaces  more  water.  A  naval 
architect  designs  a  ship  so  that  it  will 
displace  a  weight  of  water  equal  to 
the  weight  of  the  ship  and  cargo.  If 
the  steel  of  a  ship  were  all  in  a  com¬ 
pact  mass  it  would  sink  as  the  ball 
of  tin  foil  sinks.  The  ship  as  built 
exposes  greater  surface  to  the  up- 
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dgt  The  Cartesian  diver  shows 
how  a  submarine  dives.  When 
f  |  I  you  press  on  the  rubber  cover, 
|  i  the  water  rises  in  the  small 
I  bottle.  Why?  When  you  re- 
i  |  lease  the  pressure,  the  bottle 
d _ ^  rises.  Why? 

ward  pressure  of  the  water.  If  a  steel 
ship  rams  an  iceberg  and  a  hole  is 
punched  in  its  hull,  water  will  enter 
the  hull  and  will  press  the  ship  down¬ 
ward.  The  increased  downward  pres¬ 
sure  sinks  the  ship.  Punch  a  hole  in 
the  tin-foil  boat  and  see  what  hap¬ 
pens. 

When  a  submarine  dives,  the  same 
principles  are  illustrated.  Water  is 
admitted  into  compartments  in  the 
hull.  The  submarine  then  weighs 
more  than  the  water  it  displaces,  and 
therefore  sinks.  To  bring  it  to  the  sur¬ 
face  the  water  is  driven  out  by  com¬ 
pressed  air.  Its  weight,  thus  de¬ 
creased,  is  less  than  the  water  dis¬ 
placed  and  it  rises.  You  can  illustrate 
the  diving  and  rising  of  a  submarine 
by  a  Cartesian  diver.  A  vial  partially 
filled  with  water  is  inverted  in  a  bot¬ 
tle  or  cylinder  partially  filled  with 
water.  A  piece  of  rubber  dam  or  in¬ 
ner  tube  is  tied  over  the  top  of  the 
cylinder.  Pressure  on  the  rubber 
forces  water  into  the  diver  and  it 
sinks.  The  entrance  of  the  water  com¬ 
presses  the  air  in  the  diver.  Releas¬ 
ing  the  pressure  on  the  rubber  allows 
the  compressed  air  in  the  diver  to 
force  down  the  water.  Its  weight  is 
reduced  and  it  rises. 


Electrolysis  of  wa¬ 
ter.  When  an  elec¬ 
tric  current  passes 
through  the  water, 
oxygen  collects  in 
the  left  tube  and 
hydrogen  in  the 
right.  How  much 
more  hydrogen 
than  oxygen? 


Wliat  water  is.  Water  looks  like 
a  simple  substance,  but  it  is  not  so 
simple  as  it  looks.  If  an  electric  cur¬ 
rent  is  passed  through  water  in  the 
apparatus  shown  in  the  diagram  on 
this  page,  little  bubbles  will  arise  in 
each  tube.  The  water  gradually  dis¬ 
appears.  At  the  end  of  the  experiment 
gas  has  replaced  the  water.  One  arm 
of  the  tube  contains,  however,  twice 
as  much  gas  as  the  other.  We  can  show 
by  tests  that  the  larger  quantity  of 
gas  is  hydrogen,  and  that  the  smaller 
quantity  is  oxygen.  This  experiment 
shows  that  water  is  composed  of  hy¬ 
drogen  and  oxygen,  and  that  when  it 
is  decomposed  we  obtain  a  volume 
of  hydrogen  twice  as  great  as  the  vol¬ 
ume  of  oxygen. 

Electrolysis  of  water,  as  just  de¬ 
scribed,  is  one  of  the  two  chief  ways 
of  obtaining  the  oxygen  so  much  in 
demand  both  in  hospitals  and  in  in¬ 
dustry. 
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WATER 


MERCURY 


Experiment  to  show 
that  the  boiling  point 

WATER  .  .  ,  .  -i 

rises  with  increased 
pressure 


Experiment  17  (Optional) 


To  show  that  the  boiling  point  rises 
with  increased  pressure.  Arrange  appa¬ 
ratus  as  in  the  diagram.  Bring  the  wa¬ 
ter  to  the  boiling  point  without  insert¬ 
ing  the  stopper.  Read  temperature.  In¬ 
sert  the  stopper  and  bring  the  water  to 
a  boil.  Care  is  needed.  The  pressure  may 
blow  the  mercury  from  the  tube.  Note 
the  evidence  of  increased  pressure  and 
the  temperature  of  boiling. 


Experiment  18  (Optional) 

To  show  that  the  boiling  point  falls 
with  decreased  pressure.  Boil  a  flask 
half  full  of  water.  When  the  steam  has 
driven  out  the  air,  remove  the  flask 
from  the  fire  and  then  cork  the  flask. 
Condense  the  steam  by  cooling  the  flask 
under  a  stream  of  cold  water.  The  pres¬ 
sure  will  be  reduced.  Note  what  happens 
to  the  water  in  the  flask. 

Later  Experiments 

To  show  that  water  expands  upon 
heating,  see  Experiment  62,  page  166. 

To  show  that,  when  water  changes  to 
steam,  it  expands  and  produces  pres¬ 
sure,  see  Experiment  57,  page  146. 

To  show  that  water  expands  upon 
freezing,  see  Experiment  155,  page  467. 

To  show  how  hot  water  rises  in  the 
heating  plant,  see  Experiment  73,  page 
183. 


A  Question  to  Think  Out 

What  makes  a  coffee  percolator  work? 


DRIPPING  COFFEE 


SPURTING  HOT  WATER 
AND  STEAM 


COFFEE  GROUNDS 


POT  ON  STOVE  OR  OVER  GAS  FLAME 


—  —  BOILING  WATER 


Chapter  Six 

Putting  Water  to  Work 


Water  wheels.  Have  you  ever 
played  around  a  quaint  old  water 
wheel  in  a  brook?  Have  you  ever 
gazed  in  wonder  and  perhaps  bewil¬ 
derment  at  the  giant  machinery  of  the 
power  plant  of  a  great  modern  dam? 
The  early  settlers  set  up  their  mills  to 
grind  their  corn  beside  many  a  little 
stream  in  our  eastern  country.  They 
led  the  water  to  the  mill  and  dropped 
it  upon  the  wheel,  as  shown  in  the  pic¬ 
ture,  or  led  the  water  under  the  wheel 
to  turn  it.  The  mill  wheels  turned 
the  machinery  directly.  Modern  hy¬ 
droelectric  plants  change  the  energy 
of  falling  water  into  electrical  en¬ 


ergy,  which  is  more  easily  controlled 
and  can  be  transmitted  long  distances 
across  country  to  cities  and  factories. 

The  great  hydroelectric  plants  to¬ 
day  harness  the  falling  water  by 
means  of  water  turbines.  The  turbine 
is  an  improved  type  of  water  wheel 
with  curved  blades.  This  wheel  is  en¬ 
tirely  inclosed  in  a  case,  and  the 
water  is  fed  to  it  from  a  height 
through  a  large,  wide  tube  called  the 
penstock.  Turbines  are  sometimes  so 
efficient  that  they  utilize  90  per  cent 
of  the  energy  of  the  falling  water. 
The  revolving  shaft  of  the  turbine 
turns  the  dynamo,  and  electrical 


Overshot,  undershot,  and  breast  wheels.  Which  is  the  kind  shown  in  the 
picture?  Why  does  the  water  cause  the  wheel  to  turn? 


Ewing  Galloivay,  N.Y, 


A  water  driven  turbine  with  its  operation  ex¬ 
plained  in  the  diagram 


Ewing  Galloway,  N.Y. 


energy  is  produced  by  the  force  of 
the  falling  water. 

TVA  and  other  water  projects. 
All  the  world  now  knows  and  has 
come  to  study  the  water  control  and 
power  development  of  the  Tennessee 
Valley  Authority.  Muscle  Shoals  was 
a  series  of  rapids  in  the  Tennessee 
River  in  Alabama.  Until  recently, 
Muscle  Shoals  was  chiefly  known  to 
the  world  as  a  serious  obstruction  to 
navigation  on  an  ordinarily  deep  and 
navigable  river.  In  descending  Mus¬ 
cle  Shoals,  the  river  falls  132  feet  in 
37  miles,  a  fall  nearly  equal  to  that  at 
Niagara,  which  is  160  feet. 

A  series  of  nine  dams  on  the  main 
stream  is  the  heart  of  the  Tennessee 
Valley  system.  Each  dam  deepens 
the  stream  to  provide  navigation  to 
the  next  dam  upstream.  The  transpor¬ 
tation  of  grain,  gasoline,  and  other 
commodities  has  vastly  increased 


since  these  dams  improved  naviga¬ 
tion.  The  dams  also  store  water,  con¬ 
trol  floods,  and  generate  electricity. 
On  the  tributary  streams  are  more 
dams  to  stop  the  floods  and  store 
water  for  the  dry  seasons.  The  farm¬ 
ers’  fields  and  forests  are  also  an 
important  part  of  this  water  conser¬ 
vation.  The  farmers,  with  the  co¬ 
operation  of  the  United  States  Soil 
Conservation  Service,  have  built 
check  dams  in  the  gullies  of  formerly 
worthless  fields  to  save  the  rain  run¬ 
off  and  restore  the  land.  Steep  slopes 
have  been  kept  in  grass  and  soil¬ 
binding  crops,  and  the  steepest  slopes 
in  forests.  Only  the  gentle  slopes  and 
flat  land  are  plowed.  The  grass  fields 
and  forests  take  up  the  rain  and  hold 
it  to  supply  the  streams  gradually. 

The  electric  power  of  Muscle 
Shoals  may  be  used  to  manufacture 
nitrates  from  nitrogen  of  the  air  to 
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Philip  Gendreau 


The  Wheeler  Dam  with  power  units  in  the  foreground 


be  used  in  the  making  of  explosives. 
In  time  of  peace  these  nitrates  may  be 
combined  with  phosphates  in  near-by 
beds  to  make  fertilizers  for  farm 
lands.  The  production  of  cheap  fer¬ 
tilizers  for  restoring  the  productive¬ 
ness  of  worn-out  lands  has  become 
one  of  the  most  important  problems 
in  the  United  States  today. 

Industries  have  moved  into  the 
valley  since  power  has  been  devel¬ 
oped  in  abundance.  Upward  of  a 
hundred  cities,  towns,  and  counties 
are  supplied  with  power.  Railroads 
have  available  electricity,  cheap  and 
plentiful. 

Dams  for  power  and  other  water 
uses  are  widely  distributed.  Hoover 
Dam  on  the  Colorado,  Bonneville, 
and  Grand  Coulee  dams  on  the  Co¬ 
lumbia  are  other  developments. 

Experiment  19 

Question:  How  does  a  dam  increase 
water  pressure? 


Materials:  A  tin  can;  a  tripod  or  a 
box  to  set  it  on;  a  large  pan. 

Method:  With  a  small  nail  punch 
three  very  small  holes  in  the  side  of  the 
can,  one  above  another,  an  inch  apart. 
Whittle  wooden  plugs  to  fit  the  holes. 
Fill  the  can  with  water.  Remove  plugs 
one  at  a  time  and  measure  distance 
from  the  base  that  each  stream  reaches. 

Results:  Record  horizontal  distance 
from  base  that  each  stream  reached. 

Conclusion:  What  determines  the 
force  of  the  water? 


The  Pelton  water  wheel.  These  wheels 
are  used  when  a  comparatively  small 
supply  of  available  water  can  be 
delivered  under  great  pressure,  or 
“head.”  The  water  thus  acquires  great 
velocity  when  directed  against  the 
cup-shaped  blades  on  the  rim  of  the 
wheel 


Chapter  Seven 

Safe  and  Sufficient  Water 


A  city’s  water  supply.  Water 
pressure  is  used  to  supply  water  to 
our  homes.  New  York  City  and  Los 
Angeles  are  two  cities  that  draw  their 
water  from  land  much  higher  than 
the  city.  In  consequence,  the  water 
pressure  forces  the  water  through 
pipes  and  out  of  the  faucets  in  the 
homes  of  these  cities.  Since  water  will 
rise  to  the  level  from  which  it  comes, 
water  flows  from  the  faucets  because 
they  are  not  so  high  as  the  water  res¬ 
ervoir  in  the  mountains.  This  type  of 
water  supply  system  is  called  the 
gravity  water  system . 

In  1843  the  city  of  New  York 
dammed  the  Croton  River  a  few 
miles  above  its  junction  with  the 
Hudson,  thus  making  an  artificial 
lake  (reservoir)  that  held  about  one 
billion  gallons  of  water.  This  water 
was  taken  to  the  city  through  a  pipe 
(aqueduct)  more  than  40  miles  long. 

Soon  the  water  supply  from  the 
Croton  River  became  inadequate  for 


the  needs  of  the  city,  and  a  larger 
dam  was  built.  Even  this  did  not  give 
enough  water,  and  the  city  bought 
900  square  miles  in  the  Catskills. 
This  large  area  of  ground  over  which 
streams  and  brooks  drain  into  a  reser¬ 
voir  is  called  a  watershed .  Great  care 
is  taken  to  prevent  the  watershed 
from  becoming  a  source  of  impure 
water.  People  are  not  allowed  to  live 
on  the  shed,  and  every  effort  is  made 
to  keep  the  surface  of  the  ground 
clean. 

By  means  of  dams  the  water  sup¬ 
ply  of  this  region  is  stored  in  huge 
reservoirs  and  the  water  pressure  in¬ 
creased.  The  water  then  flows  from 
Ashokan  Reservoir  to  the  city 
through  the  Catskill  aqueduct  on  the 
west  side  of  the  Hudson.  This  tunnel 
can  deliver  a  half  billion  gallons  of 
water  a  day.  The  aqueduct,  92  miles 
long,  crosses  under  the  Hudson  River 
near  Poughkeepsie,  through  a  tunnel 
drilled  in  solid  rock.  It  was  necessary 


Pumping  water-supply  system.  A,  reservoir;  B,  pumping  station;  C,  stand 
pipe ;  D,  water  main 
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to  drill  down  1100  feet  before  solid 
rock  capable  of  resisting  the  water 
pressure  was  found. 

On  the  east  side  of  the  Hudson  the 
water  from  the  old  Croton  Reservoir 
mixes  with  the  Catskill  water  in  the 
Catskill  aqueduct.  From  the  aqueduct 
the  water  passes  to  storage  reservoirs 
such  as  Kensico  or  Hill  View.  From 
these  storage  reservoirs  it  is  distrib¬ 
uted  through  large  pipes  (water 
mains),  then  through  smaller  pipes 
(street  mains),  and  finally  into  the 
buildings  of  New  York.  Along  the 
pipes  in  the  buildings  are  water 
faucets,  each  containing  a  hole  that 
can  be  opened  or  closed  by  turning  a 
handle. 

Pumping  systems  of  wate* 
supply.  Cities  and  towns  that  draw 
their  water  from  a  source  below  their 
own  level  use  a  pumping  system. 
The  water  may  be  pumped  directly 
into  the  water  mains  or  it  may  be 
pumped  into  standpipes  or  reservoirs 
located  at  high  levels  from  which  it 
flows  down  again  to  the  houses  as 
shown.  Often  there  is  a  combination 
of  direct  pumping  and  standpipes. 
During  hours  of  low  demand  the 


pumps  fill  the  standpipes.  During 
hours  of  average  use  the  pumps  sup¬ 
ply  the  demand  directly.  In  emer¬ 
gencies,  as  during  a  great  fire,  the 
standpipes  help  to  supply  the  de¬ 
mand. 

Even  where  the  gravity  system  is 
used  it  is  often  supplemented  by 
pumps.  The  Empire  State  Building 
in  New  York  is  so  high  that  gravity 
alone  would  not  force  water  to  the 
upper  stories.  A  pump  is  placed  in  the 
basement  and  water  is  pumped  into 
the  tank  on  the  roof.  This  furnishes 
an  abundant  water  supply  for  the 
building.  Many  school  buildings, 
apartment  houses,  and  office  build¬ 
ings  contain  such  water  tanks  on  the 
roof.  This  is  necessary  when  the 
building  stands  on  high  ground  and 
uses  large  amounts  of  water  or 
where  the  pressure  is  low. 

Making  water  safe.  Several  dis¬ 
eases,  such  as  typhoid,  cholera,  dys¬ 
entery,  and  enteritis,  are  spread  by 
means  of  contaminated  water.  Be¬ 
fore  the  discovery  of  the  part  that 
water  plays  in  transmitting  disease, 
terrible  epidemics  of  water-borne 
diseases  were  frequent.  Now  the 
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Great  Lakes  cities  draw  their  water  from  the  lake  two  miles  or  more  flora 
shore.  Note  the  tunnel  through  solid  rock  beneath  the  lake 
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Ewing  Galloway,  N.Y. 


A  dam  built  to  supply  drinking  water 
and  a  four-mile  siphon,  almost  seven 
feet  in  diameter  conducting  water 
over  a  range  of  hills  are  one  city’s 
solution  of  its  water  supply 


water  of  our  great  cities  is  safer  than 
that  from  village  wells. 

To  secure  a  pure  and  adequate 
supply,  many  cities  have  bought 
large  areas  of  land  forming  the 
watershed  of  their  supply.  Los  An¬ 
geles,  Denver,  and  many  other  cities 
like  New  York  draw  their  supply 
from  watersheds  in  the  mountains 
where  the  land  is  guarded  from  pol¬ 
lution.  The  cities  along  the  Great 
Lakes  generally  draw  their  supply 
from  the  lakes  (page  57).  Formerly 
this  supply  was  badly  contaminated 
by  sewage.  Chicago  dug  a  drainage 
canal  which  carries  sewage  into  the 
Illinois  River  and  then  to  the  Missis¬ 
sippi.  Other  cities  have  located  their 
water  intakes  so  that  the  lake  currents 
carry  away  the  contaminated  water. 
The  “cribs”  for  the  intake  are  at  least 
two  miles  from  shore.  Philadelphia 
and  St.  Louis  draw  their  supply  of 
water  from  rivers. 

Whatever  the  source,  provision  is 
made  for  purification,  and  constant 


tests  for  purity  safeguard  the  supply. 
Muddy  water  is  led  into  great  settling 
basins  as  shown  in  the  picture  at  the 
top  of  the  page.  Then  it  is  led  to  other 
reservoirs  where  exposure  to  sun  and 
air  destroys  bacteria.  Alum  is  some¬ 
times  added.  Alum  forms  little  flakes 
which,  in  settling,  carry  down  fine 
mud  and  many  other  impurities.  The 
water  then  is  filtered  through  sand. 
Sand  filters  remove  many  impurities, 
including  most  forms  of  harmful  bac¬ 
teria.  To  destroy  any  remaining  bac¬ 
teria,  liquid  chlorine  or  a  compound 
of  chlorine  is  added.  To  improve  the 
taste,  the  water  is  often  forced 
through  a  spray  to  permit  it  to  ab¬ 
sorb  air. 

Water  supply  for  the  coun¬ 
try  house.  On  the  farm  the  water 
supply  is  usually  from  a  well  or 
spring.  When  we  dig  below  the  sur¬ 
face,  we  find  that  the  soil  is  moist.  If 
we  go  far  enough,  we  reach  a  level 
at  which  water  seeps  into  the  hole  we 
have  dug.  In  dry  weather  this  level 


Ewing  Galloway,  N.Y. 


A  filtration  plant  where  water  for  a 
large  city  is  purified.  Chlorine  is  often 
added  to  destroy  bacteria.  Below,  an 
aeration  basin  where  air  is  added  to 
the  water  to  improve  its  taste 
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Top.  Which  well  goes  dry  in  dry 
weather?  Why  is  the  spring  formed? 
Will  the  river  go  dry?  Where  does 
the  rain  fall  that  supplies  the  ar¬ 
tesian  well?  Middle.  Why  is  the  well 
on  the  left  safer  than  the  well  on  the 
right?  Bottom.  This  diagram  shows 
the  plan  for  a  water  pressure  system 
of  a  house 


may  be  a  little  deeper  than  in  wet 
weather.  For  a  permanent  supply, 
the  well  must  go  below  the  water  level 
in  dry  weather.  This  level  of  ground 
water  is  called  the  water  table.  Where 
the  water  comes  to  the  surface  of  the 
edge  of  a  hill,  a  spring  or  a  swamp 
may  be  formed.  Both  water  table 
and  spring  are  shown  in  the  diagram 
above. 

Running  water  in  the  house  may 
be  obtained  by  piping  from  a  spring 
at  a  higher  level,  or  by  pumping  from 
a  well  by  use  of  a  pump  or  by  a  pres¬ 
sure  system  as  shown  at  the  left. 

Contrary  to  a  common  belief, 
wells  and  springs  are  very  likely  to 
contain  contaminated  water.  The  ty¬ 
phoid  rate  in  cities  often  rises  in  the 
fall  when  summer  vacationists  re¬ 
turn;  some  of  them  have  contracted 
the  disease  on  their  vacation  trips  and 
bring  it  back  home  with  them.  An 
easy  way  to  make  sure  of  safe  water 
in  camp  and  summer  cottage  is  to 
boil  it  for  10  minutes.  One  drop  of 
tincture  of  iodine  in  a  quart  of  water 
will  kill  typhoid  germs,  but  iodine 
may  be  dangerous  poison  to  some 
persons,  if  this  quantity  is  exceeded. 
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Why  is  the  water  supply  on 
this  farm  unsafe?  Below.  A 
concrete  septic  tank.  The  sol¬ 
ids  are  changed  to  liquids  by 
bacteria  before  the  water 
drains  away 

Many  persons  before  travel¬ 
ing  in  the  summer  are  vacci¬ 
nated  against  typhoid  fever. 

Sewage  disposal.  The  great  dan¬ 
ger  to  a  safe  water  supply  is  sewage. 
Turned  into  a  stream  or  lake,  it  en¬ 
dangers  communities  toward  which 
it  drifts.  Modem  sewage  disposal 
consists  in  destroying  the  solids  and 
the  harmful  bacteria,  and  then  allow¬ 
ing  the  water  to  escape  into  the  ground 
or  into  streams.  A  cesspool,  as  in  the 
picture,  sometimes  still  used  in  vil¬ 
lages  and  in  the  country,  is  simply  a 
large  pit  10  feet  deep  or  more,  lined 
with  stones  and  covered.  The  solids 
are  partially  liquefied  by  bacteria 
and  the  water  seeps  off  through  the 
soil.  Such  a  cesspool  always  involves 
danger  of  contamination  of  springs 
or  wells.  The  cesspool  should  be 
more  than  50  feet  from  the  well  and 
drain  away  from  it.  One  can  never  be 


certain,  however,  of  the  movement  of 
underground  water. 

An  improvement  on  the  cesspool 
is  the  septic  tank,  shown  above. 
The  septic  tank  is  built  of  steel  or 
concrete  and  retains  the  sewage  un¬ 
til  there  is  more  opportunity  for 
liquefaction  of  solids.  City  sewage- 
disposal  plants  are  modified  septic 
tanks.  The  sewage  may  be  first 
pumped  through  aeration  sprays 
from  which  it  trickles  over  stones. 
Sun,  oxygen,  and  bacteria  attack  the 
solids  and  some  of  the  harmful  bac¬ 
teria.  After  aeration  the  sewage  is 
led  into  septic  tanks  where  bacteria 
that  live  without  air  destroy  other 
bacteria.  Settling  basins  followed  by 
sand  filters  remove  practically  all 
the  remaining  objectionable  sub- 
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stances.  Some  solids  always  collect 
in  the  basins,  forming  “sludge” 
which  must  be  removed  from  time  to 
time.  Sludge  has  some  little  value  as 
fertilizer  for  farm  lands,  but  on  the 
whole  is  not  very  satisfactory.  Its 
disposal  is  not  yet  satisfactorily  ac¬ 
complished. 

Stopping  water  waste  in  the 
home.  A  faucet  constantly  dripping 
is  an  expensive  waste  of  water.  A 
leak  or  drip  from  a  faucet  usually 
comes  from  the  fact  that  the  fiber 
washer  closing  the  hole  is  worn.  It 
can  easily  be  repaired.  Turn  off  the 
water  at  the  house  cock,  unscrew  the 
top  of  the  faucet,  and  replace  the 
washer  with  a  new  one.  Ten  minutes 
of  time  will  save  dollars’  worth  of 
water  in  a  year.  Examine  the  figures 
which  show  the  construction  of  two 
common  types  of  faucet. 


We  are  likely  to  think  of  water  as 
free.  In  reality  it  costs  large  sums  of 
money.  In  1933,  for  example,  New 
York  spent  $44,000,000  in  main¬ 
taining  and  distributing  its  water 
supply.  Thus  wasting  water  is  clearly 
wasting  our  own  and  other  people’s 
money. 

A  leak  in  the  flush  tank  over  a 
toilet  is  usually  due  to  a  faulty 
rubber  ball  that  forms  the  out¬ 
let  valve  from  the  tank.  A  new  ball 
can  be  bought  for  a  few  cents  in  a 
hardware  store  and  installed  in  a  few 
minutes.  The  picture  shows  how  the 
tank  and  bowl  work. 

Saving  the  nation’s  water  sup- 
ply.  Few  of  us  give  a  thought  to 
what  would  happen  if  our  supply  of 


At  left.  A  compression  faucet.  A,  water  supply  pipe;  B,  opening  through 
which  water  passes;  C,  fiber  washer  held  in  place  by  screw  (a  leaky  faucet 
can  usually  be  corrected  by  replacing  the  washer)  ;  D,  the  plunger  which 
opens  and  closes  the  faucet;  E,  cap  which  holds  the  plunger  in  place;  F, 
handle  which  opens  and  closes  faucet.  Center.  A  Fuller  faucet.  A,  water  sup¬ 
ply  pipe;  B,  opening  through  which  water  passes;  C,  rubber  washer  held  in 
place  by  nut  C'  (a  leaky  faucet  usually  can  be  repaired  by  replacing  this 
was  er)  ;  D,  eccentric,  attached  to  the  handle  E,  which  opens  and  closes  the 
aucet.  At  right.  A  flush  tank  and  bowl.  Examine  the  tank  in  your  bathroom. 
A  turn  of  the  handle  pulls  the  plug  and  floods  the  bowl.  The  plug  falls  with 

.  w“ter  and  closes  the  pipe.  The  large  metal  ball  on  the  right  floats  up 
with  the  incoming  water  and  shuts  off  the  supply.  The  dotted  line  marks  the 
evel  of  water  that  stands  in  the  bowl.  The  upward  turn  of  the  drain  pipe 
forms  a  trap  to  exclude  gases  from  the  drain. 
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Philip  Gendreau 


The  tree  covered  slopes  surrounding  this  lake  retain  the  rain  and  release  the 
water  gradually  to  the  lake,  keeping  it  well  supplied  in  dry  weather 


water  failed  us,  yet  in  certain  years, 
month  has  succeeded  month  with  lit¬ 
tle  or  no  rain.  Crops  and  pasture 
grass  disappear.  Livestock  is  shipped 
away  or  slaughtered.  Occasionally  a 
series  of  two  or  three  dry  years  fol¬ 
low  one  another.  The  water  level 
underground  falls  gradually  lower. 
Springs  and  wells  go  dry.  Rivers  and 
lakes  dwindle,  and  the  smaller 
streams  disappear.  Farmers,  vil¬ 
lagers,  and  townspeople  suffer  first 
from  failing  water  supply,  then  the 
city  dwellers  are  warned  to  reduce 
their  consumption  of  water. 

On  the  other  hand,  floods  some¬ 
times  sweep  river  valleys,  over¬ 
whelming  towns  and  cities,  destroy¬ 
ing  farm  lands  and  livestock, 


carrying  away  bridges,  railroads, 
and  factories.  Both  drought  and  flood 
are  destructive,  and  both  may  be  par¬ 
tially  controlled. 

Most  of  the  rain  that  falls  on  a 
bare  hillside  quickly  runs  off,  but 
much  of  that  which  falls  on  a  forested 
hillside  is  absorbed  in  the  spongy 
forest  floor.  Actual  measurements 
have  shown  that  28  times  as  much 
rain  runs  off  a  bare  hillside  as  off  a 
forested  hillside.  An  important  step 
in  controlling  our  water  supply  is  to 
see  to  it  that  hillsides  too  steep  to  be 
farmed  profitably  are  covered  with 
forests  (see  p.  453).  Forests  save 
water  for  us.  Some  of  the  water  ab¬ 
sorbed  by  the  forest  floor  is  taken  up 
by  the  trees  and  passed  into  the  air, 
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The  water  cycle  in  nature.  How  does  the  forest  save  water  for  us? 


but  a  greater  part  sinks  into  the 
ground  to  come  to  the  surface  again 
in  springs  and  lake  beds.  Such 
ground  water  coming  to  the  surface 
maintains  the  permanent  flow  of 
streams  and  the  permanent  level  of 
lakes  as  shown  in  the  picture  above. 
A  second  important  step  in  prevent¬ 
ing  both  flood  and  dearth  of  water  is 
the  erection  of  dams  in  the  upper 
courses  of  streams,  in  which  water 
may  be  dammed  up,  or  impounded , 
and  stored.  Such  dams  reduce  the 
rush  of  flood  Water  down  the  valley 
and  save  it  for  distribution  in  dry 
seasons. 

Experiment  20 

Question:  How  can  I  illustrate  the 
gravity  system  of  water  supply? 

Materials:  Bottles,  tubes,  and  faucets 
arranged  as  in  diagram.  Colored  water 
is  used  to  show  the  movement  better. 

Directions:  A  bottle  represents  the 
reservoir.  From  the  bottom  of  this,  a 
pipe  (the  aqueduct)  leads  to  a  smaller 
bottle  (storage  reservoir).  From  the 
bottom  of  this  a  pipe  (water  main) 
leads  to  a  number  of  smaller  pipes 
(house  pipes).  At  the  end  of  the  house 
pipes,  faucets  are  placed  at  different 
levels  as  shown  at  the  right. 


Notice  that  the  water  flows  with  the 
most  force  from  the  lowest  faucet.  No¬ 
tice  that  when  a  faucet  is  above  the  level 
of  the  water  in  the  storage  reservoir, 
water  will  not  flow  from  it.  Notice 
that  the  level  of  the  water  in  the  high¬ 
est  pipe  and  the  level  of  the  water  in  the 
storage  reservoir  are  the  same  (water 
seeks  its  own  level) . 

Diagram:  A  titled  and  labeled  draw¬ 
ing  of  the  apparatus  in  use  is  required. 
A  drawing  showing  an  ideal  gravity 
pumping  system  is  required. 

Conclusion:  Explain  the  system  by 
which  a  city  distributes  water  to  our 
homes. 

Practical  application:  Which  is  bet¬ 
ter,  a  gravity  or  a  pumping  system? 
Why?  Why  does  New  York  not  rely 
upon  wells  for  its  water  supply? 

Experiment  21 

Question:  How  can  I  make  dirty  wa¬ 
ter  clean? 
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The  diagram  shows  how  to  fold  filter  paper  into  a  cone 


Materials :  Funnel  and  support;  beak¬ 
ers;  lamp  chimney;  clean  sand;  filter 
paper;  mud;  salt. 

Directions:  (a)  Drop  some  mud  in  a 
breaker  of  water  and  stir.  Tie  a  piece 
of  cheesecloth  over  the  bottom  of  the 
lamp  chimney,  and  then  fill  the  chim¬ 
ney  with  sand.  Fold  the  filter  paper  into 
a  cone  and  place  in  the  funnel.  Pour 
some  of  the  dirty  water  into  the  filter 
paper  and  some  into  the  lamp  chimney. 
Catch  the  filtrate,  or  the  water  that 
drips  out  the  bottom,  in  beakers. 

( b )  Dissolve  some  salt  in  a  clean 
beaker  of  water.  Set  up  a  clean  funnel 
and  filter  paper.  Pour  the  salt  water  into 
the  filter.  Taste  the  filtrate. 

Results:  {a)  Is  the  filtrate  clear  or 

muddy? 

( b )  Does  the  filter  remove  dissolved 
salt? 

Conclusion:  What  sort  of  material 
may  be  removed  by  filters?  Is  filtered 
water  necessarily  pure?  What  cannot  be 
removed  by  filtering?  Is  clear,  colorless 
water  always  pure  water?  Answer  the 
question  of  the  experiment. 


Experiment  22 

Question:  How  do  cities  make  their 
water  supply  safe? 

Materials:  A  culture  of  Paramecium 
or  other  microscopic  animals  (see  page 
305)  ;  microscope,  slide,  and  cover 
glass;  medicine  dropper;  a  bit  of  filter 
paper  or  paper  towel;  dilute  solution  of 
chloride  of  lime. 

Directions:  Put  a  drop  of  the  culture 
of  microscopic  animals  on  the  slide  and 
examine  under  the  microscope. 

Later  put  a  drop  of  the  chloride  of 
lime  at  one  edge  of  the  cover  glass. 
Touch  the  filter  paper  or  towel  to  the 
opposite  edge.  Water  will  be  drawn 
from  under  the  cover  glass  and  the 
chloride  solution  will  flow  in  to  replace 
it. 

Note:  Chloride  of  lime  is  not  used  in 
city  systems,  but  for  our  purpose  is 
more  convenient  than  liquid  chlorine. 

Results:  What  happened  to  the  living 
things  when  the  chloride  solution 
reached  them? 

Conclusion:  How  may  bacteria  be  de¬ 
stroyed  in  a  water  system? 


Filtering  through  sand  and  paper.  Is  filtered  water  necessarily  pure? 
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Chapter  Eight 

The  Chemical  Purity  of  Water 


Hard  water.  Sometimes,  when 
you  have  tried  to  wash  your  hands 
with  soap  and  water,  you  have  found 
it  difficult  to  make  suds.  At  first  you 
got  just  a  greasy  scum  on  your  hands. 
If  you  kept  at  it,  however,  you  finally 
worked  up  a  lather.  Some  waters  pro¬ 
duce  a  cleansing  lather  very  easily 
and  some  do  not.  Those  that  do  are 
called  soft ;  those  that  do  not  are 
called  hard.  In  washing  clothes,  hard 
water  adds  considerably  to  the  work, 
to  the  quantity  of  soap,  and  hence  to 
the  cost  of  washing.  In  laundries  hard 
water  may  so  add  to  the  expense 
that  profits  are  seriously  reduced. 
It  pays  then  to  install  apparatus 
to  soften  the  water.  Even  in  homes 
the  added  expense  of  hard  water  in 
the  course  of  a  year  makes  the  use  of 
water  softeners  profitable.  We  shall 
see  why  water  is  hard  and  how  the 
condition  may  be  corrected. 

Why  water  becomes  hard* 
When  water  sinks  into  the  soil,  it  dis¬ 
solves  some  of  the  rocks  and  minerals 
and  becomes  in  consequence  impure 
chemically.  Water  that  contains  a 
considerable  amount  of  minerals, 
especially  of  lime  and  magnesium 
compounds,  is  called  hard  water. 

Water  containing  carbon  dioxide 
dissolves  some  minerals  more  read¬ 
ily  than  does  pure  water.  Carbon  di¬ 
oxide  is  a  very  common  compound. 
It  is  breathed  out  by  living  things, 


both  animals  and  plants,  including 
those  minute  plants,  fungi,  and  bac¬ 
teria  which  cause  the  decay  of  or¬ 
ganic  matter.  Many  living  things, 
both  plants  and  animals,  make  their 
home  in  the  soil  and  constantly  add 
carbon  dioxide  to  it.  Carbon  dioxide 
is  always  present  in  the  air.  When  it 
rains,  some  carbon  dioxide  dissolves 
in  the  rain  water,  forming  a  weak 
acid,  carbonic  acid. 

Rain  water  and  soil  water  are  solu¬ 
tions  of  an  acid  and  therefore  can 
dissolve  some  things  that  are  not  eas¬ 
ily  affected  by  pure  water.  For  ex¬ 
ample,  marble  or  limestone  is  easily 
soluble  in  carbonic  acid.  When  the 
water  containing  dissolved  carbonic 
acid  sinks  into  the  ground  and 
chances  to  meet  limestone,  the  rock 
dissolves  and  may  form  a  cave.  The 
water  itself  is  made  hard. 

Such  a  solution  of  limestone  (cal¬ 
cium  carbonate)  and  carbon  dioxide, 
as  we  have  been  discussing,  occurs 
naturally  in  sea  water.  It  is  from  this 
source  that  oysters,  clams,  and  corals 
obtain  the  limestone  from  which  they 
build  their  shells. 

If  you  look  inside  your  teakettle, 
you  may  see  a  deposit  that  looks  like, 
and  is,  stone.  It  has  come  from  the 
water  used  to  fill  the  kettle.  In  a  few 
sections  of  our  country  this  will  not 
be  so.  The  water  in  those  sections  is 
so  soft  that  on  evaporation  it  leaves 


Black  Star 


Dissolved  limestone  in  dripping  water  forms  the  stalactites  and  stalagmites  in 
this  cave.  Sometimes  the  stalactites  and  stalagmites  join,  forming  pillars 

heated,  carbon  dioxide  gas  will  be 
driven  off.  There  will  then  be  nothing 
to  keep  the  limestone  dissolved.  It 
will  then  come  out  of  solution,  and 
the  water  will  no  longer  be  hard. 

Since  this  kind  of  hard  water  can  be 

■ 

made  soft  by  heating,  we  name  it 
temporary  hard  water. 

You  will  better  understand  what 
has  been  said  about  hard  water  if  you 
will  perform  the  following  experi¬ 
ment: 

Generate  carbon  dioxide  in  a  flask 
as  in  Experiment  12.  From  this  flask 
run  a  tube  ending  in  a  small  hole  to  a 
second  flask  containing  limewater 
(page  35).  As  the  carbon  is  gener¬ 
ated,  it  passes  into  the  second  flask 
and  bubbles  through  the  limewater. 

At  first  the  limewater  turns  milky. 

Finely  divided  limestone  (calcium 
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no  residue.  You  can  easily  test  your 
home  water.  Pour  a  teaspoonful  in 
the  cover  of  a  tin  can,  put  it  over  a 
flame,  and  evaporate  the  water.  The 
amount  of  residue  remaining  after 
the  water  is  evaporated  shows  how 
much  dissolved  mineral  matter  is  in 
the  water. 

When  hard  water  is  used  in  boil¬ 
ers,  the  dissolved  minerals  are  de¬ 
posited  as  boiler  scale  on  the  inside 
of  the  boiler.  Because  this  scale  is  a 
very  poor  conductor  of  heat,  the  en¬ 
gineer  has  to  bum  much  more  coal 
than  he  should  to  heat  the  boiler 
water.  The  same  thing  is  true  in  your 
home.  A  teakettle  covered  on  the  in¬ 
side  with  scale  takes  a  long  time  to 
heat. 

Softening  water.  If  hard  water 
containing  dissolved  limestone  is 
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Pipes  filled  with  boiler  scale  are  incrusted  with  lime  from  hard  water  which 
was  used  in  them.  When  this  scale  is  present,  more  fuel  is  required  to  heat 
boiler  water.  Note  that  scale  “bags”  the  pipe 


carbonate)  appears  as  a  precipitate. 
(A  precipitate  is  a  solid  formed  in  a 
liquid.)  As  the  action  continues,  this 
precipitate  will  dissolve  and  form  an 
artificial  temporary  hard  water.  It  is 
not  necessary  to  wait  until  all  of  the 
limestone  has  dissolved.  After  a 
while  you  can  filter  the  liquid.  The 
filtrate  (the  part  that  runs  through 
the  filter  paper)  will  be  clear. 

Put  some  of  the  artificial  hard 
water  in  a  test  tube  and  heat  it.  You 
will  see  bubbles  of  carbon  dioxide 
being  driven  off.  The  water  will  turn 
cloudy,  owing  to  the  precipitation  of 
limestone.  To  the  cloudy  liquid  add  a 
few  drops  of  hydrochloric  acid.  You 


will  see  the  limestQne  dissolve  and 
the  water  will  once  more  be  clear. 
Limestone  and  marble  are  soluble  in 
many  acids.  Nature  uses  carbonic 
acid.  In  the  laboratory  we  ordinarily 
use  hydrochloric  acid  because  it  is  a 
stronger  acid  and  acts  faster. 

Permanent  hard  water  contains 
dissolved  substances  (chiefly  calcium 
sulphate)  which  are  not  destroyed  by 
heating,  and  therefore  the  water  must 
be  softened  by  chemical  means. 
Permanent  hard  water  is  a  poor 
name,  for  such  water  may  easily  be 
softened. 

Prepare  an  artificial  hard  water 
by  adding  10  grams  of  calcium  chlor- 
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Guy  S.  Apeldorn 

The  left  hand  picture  shows  how  soap  forms  hard  curds  in  hard  water  ren¬ 
dering  it  turbid.  On  the  right  is  shown  the  effect  of  soap  on  soft  water.  Light, 
fluffy  suds  float  on  the  top  of  clear  liquid 


ide  to  a  liter  of  water.  Add  to  a  test 
tube  half  full  of  this  hard  water  a  few 
drops  of  a  strong  soap  solution  and 
shake  it.  You  will  see  that  the  water 
does  not  lather  but  that  a  curd  forms. 
The  soap  has  been  used  up,  not  in  do¬ 
ing  its  proper  work  of  making  some¬ 
thing  clean,  but  in  softening  water. 
Continue  adding  soap  until  finally, 
on  shaking,  a  lather  forms.  The  hard 
water  is  now  soft  and  the  amount  of 
soap  that  you  have  used  to  soften  the 
water  represents  waste.  Repeat  the 
experiment,  first  adding  washing 

soda  to  hard  water.  You  will  find 
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that  washing  soda  may  be  used  to 
soften  hard  water.  Since  washing 
soda  is  cheaper  than  soap,  laundries 
sometimes  soften  hard  water  by  treat¬ 
ing  it  with  soda.  Borax  also  softens 
water. 

Water  can  be  softened  in  another 
way  that  is  used  commercially.  If  the 
hard  water  is  passed  over  a  mineral 
called  a  zeolite ,  or  permutite  (which 
is  an  artificial  zeolite),  a  chemical 
change  takes  place  and  die  water  is 
made  soft.  If  a  solution  of  salt  is  now 
passed  over  the  exhausted  zeolite,  it 
is  regenerated  or  made  fit  for  use 
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again.  This  process  is  moderately 
cheap,  and  has  the  advantage  that  the 
hardening  substances  are  really 
taken  from  the  water.  After  the 
process  is  installed,  salt  is  the  only 
chemical  used. 

Distilled  water.  Water  may  be 
freed  of  all  the  dissolved  minerals  by 
distillation.  On  boiling,  water  evap¬ 
orates  as  steam.  The  minerals  re¬ 
main.  When  the  steam  is  condensed 
by  cooling,  we  have  distilled  water. 
Of  natural  waters,  only  rain  water 
compares  with  it  in  purity.  Rain 
water  is  naturally  distilled  water,  but 
contains  gases  dissolved  from  the 
atmosphere.  The  diagram  opposite 
shows  a  glass  still  often  used  in 
the  laboratory. 

Distilled  water,  if  carefully  pre¬ 
pared  and  stored  in  clean  containers, 
is  pure,  and  free  from  all  dissolved 
minerals  and  bacteria.  It  is,  of 
course,  too  expensive  for  a  city  sup¬ 
ply,  but  on  shipboard  sea  water  is 
often  distilled  to  furnish  the  ship’s 
supply  of  pure  water. 

Distilled  water  is  used  in  the  lab¬ 
oratory  whenever  chemically  pure 
water  is  needed.  It  is  added  to  auto¬ 
mobile  and  other  electric  batteries, 
because  natural  waters  contain  min¬ 
erals  that  will  neutralize  the  battery 
acid  and  cause  deposits  that  interfere 
with  the  battery  action. 


Suds  upon  shaking  . 

Suds  upon  heating . 

Suds  upon  addition  of  washing  soda 


A  glass  still.  Cool  water  circulating 
through  the  outer  tube,  Liebig  con¬ 
denser,  cools  the  inner  tube,  causing 
the  steam  to  condense  to  water 

Experiment  23 

Question:  How  can  you  soften  water? 

Note:  Water  that  produces  suds  upon 
shaking  with  soap  may  be  considered 
soft;  water  that  does  not,  hard. 

Materials:  Test  tubes;  test-tube  sup¬ 
ports;  Bunsen  burner;  rain  water  or 
distilled  water;  tap  or  well  water;  lime- 
water;  salt  solution;  washing  soda;  soap 
shavings. 

Directions :  Label  test  tubes  1,  2,  2a, 
3,  3a,  4,  4a. 

In  l'put  distilled  or  rain  water;  in  2 
and  2a  put  tap  water  or  well  water;  in 
3  and  3a  limewater;  in  4  and  4a  salt 
solution. 

To  1,  2,  3,  and  4  add  a  little  soap 
shavings,  cover  each  tube  with  the 
thumb,  and  shake  it  violently.  In  the 
table  under  “Results,”  indicate,  by  writ¬ 
ing  yes  or  no,  which  formed  suds. 

To  2a,  3a,  and  4a  add  soap  shavings; 
heat,  shake,  and  record  results. 

To  those  that  did  not  produce  suds 
add  washing  soda,  again  shake  and  re¬ 
cord  results. 

Results:  Record  your  results  by  writ¬ 
ing  “yes”  or  “no”  in  a  table  or  chart 
prepared  as  follows: 

Tap  Lime-  Salt 

Water  water  Solution 


Distilled 

Water 


CHEMICAL  PURITY  OF  WATER 


Conclusions:  Which  of  your  speci¬ 
mens  of  water  were  hard  at  the  begin¬ 
ning  of  the  experiment? 

What  treatment  made  each  soft? 

What  treatment  should  your  tap  or 
well  water  receive  to  make  it  soft? 

Application:  What  is  the  advantage 
of  softening  hard  water  before  using  it 
to  wash? 

Country  people  often  save  rain  water 
in  cisterns  or  rain  barrels.  Why  is  rain 
water  superior  to  tap  or  well  water? 

What  chemicals  do  you  suppose  are 
added  to  hard-water  soap? 

Experiment  24 

Question:  How  can  I  prepare  distilled 
water? 

Materials:  Desk  apparatus;  distilling 
flask;  Liebig  condenser;  copper  sul¬ 
phate;  salt;  thermometer. 

Directions  and  results:  (a)  Half  fill 
the  distilling  flask  with  water.  Add  a 
teaspoonful  of  salt  and  enough  copper 
sulfate  to  color  the  water  distinctly. 
These  are  added  to  give  a  decidedly  im¬ 
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pure  water.  Set  up  the  apparatus  and 
see  that  a  slow  stream  of  water  is  pass¬ 
ing  through  the  condenser.  Boil  the  wa¬ 
ter  in  the  flask  gently,  and  watch  what 
happens.  Collect  the  distillate  in  a  small 
beaker.  What  is  its  color? 

(6)  Taste  the  distilled  water.  Is  it 
salty? 

(c)  Put  a  little  of  the  water  contain¬ 
ing  salt  and  copper  sulfate  in  an  evap¬ 
orating  dish  and  boil  till  all  the  water  is 
gone.  What  remains? 

Diagram:  Show  the  still  in  operation. 

Conclusion:  Distillation  frees  water  of 


Practical  applications:  1.  How  can 
you  distinguish  spring  water  that  is  per¬ 
fectly  clear  from  distilled  water?  2. 
What  commercial  use  is  made  of  distil¬ 
lation?  3.  How  could  distillation  help 
in  a  supply  of  drinking  water  aboard 
ship?  4.  When  a  teakettle  boils  dry, 
you  often  find  a  deposit  left  in  the  ket¬ 
tle.  How  did  it  get  there? 

Note:  Liebig  was  a  great  German 
chemist.  The  Liebig  condenser  was 
named  for  him. 


Questions  to  Think  Out 


1.  The  moon  has  no  atmosphere. 
Would  the  boiling  temperature  of  water 
on  the  moon  be  higher  or  lower  than  on 
the  earth? 

2.  Recall  what  you  learned  about 
air  pressure  and  tell  whether  a  lift  pump 
would  raise  water  to  the  same  height  in 
New  Orleans  and  in  Denver. 

3.  Sometimes  when  you  turn  on  the 
cold  water  faucet  in  your  home  you  get 
spurts  of  hot  water  and  steam  accom¬ 
panied  by  a  rumbling  and  pounding  in 
the  pipes  and  boiler.  Study  the  diagram 
of  the  hot-water  system  and  decide  what 
the  trouble  is  and  how  it  may  be  rem¬ 
edied. 

4.  Is  it  easier  to  float  with  your 
lungs  full  of  air  or  after  you  have  ex¬ 
haled  part  of  the  air?  Why? 


5.  Why  is  it  difficult  for  a  diver  to 
dive  deeply? 

6.  A  diver’s  suit  has  shoes  heavily 
weighted  with  lead.  Why? 

7.  Will  a  piece  of  marble  weigh  the 
same  in  fresh  water  as  in  salt  water? 
Reason  it  out  and  then  find  out  by  ex¬ 
periment. 

8.  If  a  football  were  filled  with  wa¬ 
ter  instead  of  air,  would  it  bounce? 

9.  Hydrogen  peroxide  (H202)  loses 
its  antiseptic  strength  upon  long  stand¬ 
ing  in  your  home  medicine  closet  be¬ 
cause  it  gives  up  half  its  oxygen.  What 
substance  does  it  then  change  into? 

10.  Why  does  water  flow  downhill? 

11.  Suppose  a  small  stream  were 
flowing  down  a  valley.  How  could  its 
effective  power  be  increased? 
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12.  Water  motors  may  be  attached 
to  the  faucet  to  run  small  machines. 
How  does  the  water  in  the  pipe  get  its 
power? 

13.  Examine  a  water-power  project 
in  your  region — either  a  small  plant  on 
an  estate  or  a  mill  or  a  large  commer¬ 
cial  plant.  Report  briefly,  as  was  done 
for  the  Muscle  Shoals  project. 

14.  Study  your  city  water  supply. 

(a)  Where  is  the  source  of  supply? 

(b)  What  provision  is  made  to  in¬ 
sure  a  supply  in  dry  seasons? 

( c)  How  is  clear  water  obtained? 

(d)  How  is  safe  water  insured? 

(e)  What  is  the  plan  for  sewage  dis¬ 
posal? 

15.  In  a  famous  park  in  one  of  our 
great  cities,  springs  were  closed  to  pub¬ 
lic  use.  What  is  the  chief  danger  to  park 
springs  ? 

16.  Make  a  survey  of  the  water  sup¬ 
ply  and  drainage  at  a  country  home  or 
farm.  Note  the  arrangement  of  water 
supply,  barnyards,  toilets,  etc.  What 
possibilities  are  there  for  contamina¬ 
tion? 

17.  If  you  know  of  a  place  where 
you  would  like  to  spend  the  summer 
camping,  plan  a  sanitary  camp.  Sketch 


a  small  map  showing  hills  and  hollows, 
streams,  woods,  other  camps  and 
houses,  water  supply,  etc.  Indicate  the 
location  of  plants  for  the  disposal  of 
sewage  and  other  wastes.  How  should 
you  make  certain  that  the  water  was 
safe? 

18.  Examine  a  public  picnic  ground 
and  report  on  the  water  supply,  toilets, 
waste  disposal,  and  other  necessary  fea¬ 
tures  for  sanitation. 

19.  What  has  your  State  done  to  pre¬ 
serve  the  water  supply? 

20.  If  water  evaporated  from  a 
muddy  pond,  would  the  water  vapor  be 
pure  or  impure? 

21.  If  you  filtered  muddy  water, 
would  it  be  fit  to  drink? 

22.  Would  distillation  of  hard  water 
soften  it?  Would  filtration  soften  the 
water? 

23.  The  water  flowing  from  fresh¬ 
water  bogs  is  often  slightly  acid.  Would 
soap  make  a  free  lather  in  it?  Prove  by 
an  experiment. 

24.  If  you  distilled  muddy  water, 
should  you  obtain  clear  water?  water  fit 
to  drink? 

25.  Why  do  you  suppose  the  sea  is 
not  so  limy  as  it  is  salty? 


The  chemist  has  made  silklike  dresses  and 
neckties  from  waste  wood .  He  has  made 
gorgeous  dyes  and  substances  sweeter  than 
sugar  from  foul- smelling  coal  tar .  The  chemist 
governs  the  production  of  innumerable  things 
of  our  daily  environment ,  from  steel  and  con¬ 
crete  and  paper  and  ink  to  candy  and  med¬ 
icines.  His  control  is  due  to  his  knowledge 
of  what  things  are  made  of ,  how  they  are  put 
together  in  nature ,  and  how  the  elements  act 
when  he  takes  them  apart. 

In  this  unit  we  shall  see  what  the  scientist 
means  by  matter.  We  shall  study  some  of  the 
elements  that  make  up  the  matter  of  our  every¬ 
day  life ,  our  surroundings ,  and  our  bodies  and 
how  they  unite  to  form  other  substances.  Pic¬ 
ture  6  shows  the  four  basic  ingredients  of  a 
plastic — limestone,  water,  salt,  and  lamp¬ 
black  or  finely  divided  carbon. 

Then  we  shall  make  a  short  study  of  how 
we  measure  matter.  The  scientist  and  the  en¬ 
gineer  must  measure — measure  accurately. 

Did  you  ever  wonder  where  our  measures 
came  from?  What  is  a  foot?  Who  taught  us  to 
measure  in  miles?  Why  do  scientists  use  the 
metric  system?  We  shall  see.  How  is  the  cor¬ 
rect  length  of  a  yard  determined? 

( 1 )  Philip  Gendreau,  (2)  Caterpillar  Tractor  Co.,  ( 3 )  Black  Star, 

(•4)  (■S')  (6)  Ewing  Galloway,  N.Y, 


Unit  Three 


What  Things  Are 
Made  of :  Matter 


Chapter  Nine 

What  Matter  Is 


Stuff.  What  is  your  shadow  made 
of?  Your  shadow  is  undoubtedly  a 
“thing,”  but  you  cannot  roll  it  up 
like  a  paper  doll,  and  put  it  in  your 
pocket.  Both  your  shadow  and  a 
paper  doll  are  “things” ;  but  wherein 
do  they  differ?  You  might  say  that 
the  doll  is  “real  stuff,”  that  it  has 
“substance.”  The  scientist  calls  such 
“real  stuff”  matter .  To  him  matter 
means  one  thing  and  nothing  else: 
Matter  is  that  which  occupies  space 
and  has  weight.  Anything  that  fulfils 
this  definition  is  matter;  anything 
that  does  not,  is  not  matter.  Tell 
which  of  these  things  are  matter: 
electricity,  light,  air,  water,  iron, 
your  hand,  your  breath,  your  thought. 

What  matter  is  like.  What  is 
amber  like?  What  is  paper  like? 
What  is  matter  like?  When  you  ask 
such  questions,  you  are  trying  to  find 
out  how  a  thing  resembles  or  differs 
from  other  things.  In  scientific  lan- 
guage  you  are  asking,  “What  are  its 
properties ?” 

The  paper  you  are  looking  at  is 
white,  it  can  be  written  or  printed 
upon,  and  it  tears  easily.  It  will  burn, 
forming  carbon  dioxide  and  water, 
and  it  leaves  an  ash.  It  turns  yellow 
with  age,  but  can  be  bleached  white. 
The  properties  listed  in  the  first  sen¬ 
tence  of  this  paragraph  are  different 
in  kind  from  those  in  the  second  and 


third  sentences.  The  properties  in  the 
first  sentence  are  those  you  tell  by 
your  senses;  they  are  physical  prop¬ 
erties.  The  properties  in  the  second 
and  third  sentences  are  the  result  of 
combination  with  other  things;  they 
are  chemical  properties. 

When  we  try  to  tell  what  something 
is  like  most  of  us  are  very  careless 
and  indefinite.  Our  hearer,  in  conse¬ 
quence,  generally  has  a  very  hazy 
idea  of  what  we  have  in  mind.  If  we 
say  that  amber  is  hard,  brown  stuff 
that  looks  somewhat  like  celluloid  or 
glass,  our  hearer  may  be  excused  if 
he  mistakes  a  lump  of  resin  or  a  hore- 
hound  tablet  for  a  piece  of  amber. 
Such  descriptions  will  not  do  in  sci¬ 
ence.  We  must  describe  a  thing  ex¬ 
actly — that  is,  in  such  a  way  that  our 
hearer  will  recognize  it  when  he  finds 
it,  and  mistake  nothing  else  for  it.  To 
make  sure  of  such  exactness,  scien¬ 
tists  use  terms  which  mean  one  thing 
and  nothing  else.  Whenever  you  see 
such  a  term  in  a  science  book,  you 
will  know  it  alway  means  exactly  the 
same. 

Here  are  some  of  the  terms  scien¬ 
tists  use  in  naming  the  special  prop¬ 
erties  or  qualities  of  matter.  You 
need  not  commit  them  to  memory; 
they  are  listed  merely  to  show  you 
how  the  scientist  tries  to  be  definite 
in  his  description. 
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Hardness — the  ability  to  resist 
scratching. 

Brittleness — the  ease  with  which 
a  substance  breaks. 

Tenacity — the  ability  to  resist  be¬ 
ing  tom. 

Malleability — the  capability  of 
being  pressed  or  beaten  into  sheets. 

Elasticity — the  ability  to  regain 
original  shape  after  distortion. 

How  much  matter  in  a  cubic 
inch.  You  know  that  a  cubic  inch 
of  iron  weighs  more  than  a  cubic 
inch  of  wood.  The  cubic  inch  of  iron 
has  more  matter  in  it.  It  is  denser. 
The  quantity  of  matter  in  a  cubic 
inch  or  a  cubic  centimeter  is  called  its 
density.  You  can  find  how  much  mat¬ 
ter  there  is  in  a  piece  of  iron  by  di¬ 
viding  its  weight  by  its  volume.  You 
thus  find  how  much  a  cubic  inch 
weighs. 

*  [Scientists  and  engineers  usually 
judge  the  density  of  a  substance  by 
comparing  its  weight  with  the  weight 
of  water.  This  is  its  specific  gravity. 
When  we  say  that  the  specific  gravity 
of  iron  is  7,  we  mean  that  iron  is  7 
times  as  heavy  as  water.  You  can 
easily  find  the  specific  gravity  of  a 
piece  of  iron  or  other  similar  sub¬ 
stance.  You  know  that  if  you  sink  a 
piece  of  iron  in  water,  it  will  displace 
its  volume  of  water.  You  know 
further,  from  your  study  of  buoy¬ 
ancy,  that  when  you  weigh  a  piece  of 
iron  in  water,  it  loses  weight.  Its  loss 
of  weight  is  equal  to  the  weight  of 
the  water  it  displaces;  that  is,  its  loss 

*  Text  included  in  brackets  (  []  )  comprises 
topics  required  in  certain  courses  of  study. 


of  weight  is  equal  to  the  weight  of  a 
volume  of  water  equal  to  the  volume 
of  iron.  Then  we  can  find  the  specific 
gravity  of  iron  by  dividing  its  weight 
in  air  by  its  loss  of  weight  in 
water.] 

Matter  changes  in  form.  You 

know  that  ice  is  matter.  When  it 
melts,  it  is  matter.  When  the  water 
boils  away  to  steam,  it  is  still  matter. 
Iron  may  be  changed  in  the  same 
way,  although  a  very  high  tempera¬ 
ture  is  necessary.  Oxygen  may  be¬ 
come  a  liquid  and  then  a  solid,  but  it 
takes  a  very  low  temperature. 
Through  all  these  changes  of  state, 
matter  still  remains  matter. 

Explain  why  the  gear  wheels  are 
matter  but  their  shadow  is  not  matter 


Ewing  Galloway,  N.Y. 
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Everyone  knows  in  a  general  way 
what  is  meant  by  solid,  liquid,  and 
gas,  yet  it  is  not  easy  to  give  satisfac¬ 
tory  definitions  of  these  terms.  As 
good  a  way  as  any  is  to  think  of  how 
each  behaves  when  placed  in  a  box. 
The  solid  will  keep  its  original  shape 
and  volume.  The  liquid  will  flow  over 
the  bottom  and  take  the  shape  of  the 
box,  but  keep  its  original  volume. 
The  gas  will  fill  the  box,  keeping 
neither  its  original  shape  nor  volume, 
but  taking  the  shape  and  volume  of 
the  box.  Thus  it  is  clear  that  although 
matter  behaves  differently  in  some 
ways  in  the  three  states,  in  all  three 
it  occupies  space  and  may  be 
weighed.  Therefore,  the  scientist  says 
that  solid ,  liquid ,  and  gas  are  the 
three  states  of  matter. 

Elements,  compounds,  and 
mixtures.  Is  paper  one  “thing”  or 
several?  If  we  examine  closely  the 
different  forms  of  matter,  the 
“things”  about  us,  we  find  that  it  is 
often  possible  to  pull  apart  a  particu¬ 
lar  form  of  matter  or  to  separate  it 
into  simple  substances.  If  we  char 
paper,  we  can  get  from  it  (1)  a  black 
substance  called  charcoal  or  carbon; 
and  (2)  water.  The  water  in  turn  can 
be  separated  into  two  gases  called 
hydrogen  and  oxygen.  Paper,  then, 
is  made  up  of  at  least  three  different 
substances — carbon,  hydrogen,  and 
oxygen.  These  substances  are  sim¬ 
pler  than  water.  They  are  elements. 

Some  important  elements  are 
listed  in  the  following  table,  with  the 
melting  point  and  boiling  point  of 
each  in  degrees  centigrade. 


Element 

Melting 

Point 

Boiling 

Point 

Aluminum . 

660°  C 

1,800°  C 

Argon  . 

-190° 

-185° 

Arsenic  . 

450° 

Bromine  . 

-7° 

63° 

Calcium . 

810° 

Carbon 

(Graphite)  . . 

•  •  •  •  • 

3,600° 

Chlorine  . 

-102° 

-34° 

Chromium . 

1,515° 

2,200° 

Copper  . 

1,083° 

2,100° 

Fluorine  . 

-223° 

-187° 

Gold . 

1,094° 

2,500° 

Hydrogen  . 

-257° 

-253° 

Iodine  . 

113° 

184° 

Iron  (Wrought) 

1,530° 

2,450° 

Lead . 

327° 

1,525° 

Magnesium  .... 

650° 

1,100° 

Manganese  .... 

1,250° 

2,000° 

Mercury  . 

-38.9° 

357° 

Nickel  . 

1,432° 

Nitrogen  . 

-214° 

-196° 

Oxygen  . 

-218° 

-183° 

Phosphorus 

(White)  .... 

44° 

287° 

Platinum . 

1,755° 

3,910° 

Potassium . 

62.5° 

720° 

Radium . 

960° 

1,140° 

Silver . 

960° 

1,955° 

Sodium  . 

97.5° 

742° 

Sulfur  (  “  '  ‘ ' 

115° 

444° 

1  0  ... 

120° 

444° 

Tin . 

232° 

1,600° 

Tungsten . 

3,350° 

5,830° 

Zinc . 

419° 

930° 

Elements  combine  to  form  com¬ 
pounds.  If  you  heat  a  mixture  of  car¬ 
bon  and  oxygen,  they  combine,  and  a 
new  substance  called  carbon  dioxide 
is  formed.  We  call  substances 
formed  by  the  combination  of  ele¬ 
ments  compounds.  Sugar,  starch,  iron 
rust,  white  of  egg,  and  water  all  are 
compounds. 
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If  we  put  some  oxygen  and  hydro¬ 
gen  into  a  bottle  and  shake  them  to¬ 
gether,  no  real  change  takes  place. 
Every  particle  of  oxygen  and  hydro¬ 
gen  retains  its  own  separate  exist¬ 
ence.  The  bottle  contains  a  mixture 
of  oxygen  and  hydrogen.  Now  touch 
a  match  to  the  bottle.  An  explosion 
occurs  and  a  mist  forms  inside  the 
bottle.  We  have  forced  the  two  ele¬ 
ments  to  combine  and  a  new  com¬ 
pound,  water ,  has  been  formed. 
When  we  caused  the  oxygen  and  the 
hydrogen  to  combine,  we  formed  a 
compound. 

In  a  mixture ,  the  substances  pres¬ 
ent  may  be  mixed  in  any  proportion. 
In  a  compound,  the  elements  are  al¬ 
ways  present  in  the  same  proportion. 
Water  has  been  analyzed  (taken 
apart)  thousands  of  times.  No  one 
has  ever  found  water  which  does  not 
contain  two  parts  of  hydrogen  and 
one  part  oxygen  by  volume.  The 
composition  of  every  pure  chemical 
compound  is  always  the  same.  This 
statement  is  known  as  the  law  of 
definite  proportions . 

Brass  looks  like  a  compound  or  an 
element.  If,  however,  we  analyze 
thirty  different  pieces  of  brass,  we 
find  not  only  that  every  piece  is  made 
up  of  copper  and  zinc,  but  that  the 
proportions  of  the  two  may  vary  be¬ 
tween  quite  wide  limits.  If  brass  were 
a  compound,  it  would  always  contain 
exactly  the  same  proportion  of  cop¬ 
per  and  zinc.  Since  the  percentage  of 
copper  varies,  brass  is  not  a  com¬ 
pound  but  a  mixture.  Such  mixtures 
of  metals  are  called  alloys. 


Solutions.  When  we  add  sugar 
to  coffee  or  cocoa  and  stir  it,  the  solid 
sugar  disappears.  Every  drop  is 
made  sweet,  therefore  the  sugar  has 
been  distributed  throughout  the 
liquid.  If  we  let  it  stand,  no  further 
change  takes  place.  Each  drop  re¬ 
mains  sweet  as  before.  We  have  made 
a  solution.  Solutions  are  common  in 
our  homes.  Tea  and  lemonade  are 
solutions.  When  beets  are  boiled  in 
water,  the  water  becomes  red.  The 
coloring  matter  of  the  beets  is  dis¬ 
solved  in  the  water.  If  we  think  of  the 
work  that  goes  on  in  the  kitchen,  we 
can  think  of  many  solutions. 

We  may  define  a  solution  as  a  uni¬ 
form  mixture  of  two  or  more  sub¬ 
stances  that  do  not  separate  even  on 
long  standing.  We  speak  of  the  ma¬ 
terial  used  to  dissolve  something  as  a 
solvent ,  while  the  thing  dissolved  we 
call  a  solute.  The  result  we  call  a  so¬ 
lution.  Make  sure  that  you  know  the 
meaning  of  these  terms,  for  we  shall 
use  them  many  times. 

Alcohol  is  a  very  good  solvent.  It 
dissolves  many  substances.  In  the 
old-fashioned  drug  store,  with  its 
even  rows  of  bottles  on  the  shelves 
instead  of  “package  goods,”  did  you 
ever  notice  how  many  bottles  had 
labels  beginning  with  “Tr”?  At  least 
you  have  heard  of  “tincture  of  io¬ 
dine.”  A  tincture  is  a  solution  in  alco¬ 
hol.  Many  of  the  solutions  used  in 
medicine  are  tinctures.  Vanilla  ex¬ 
tract  is  a  solution  of  vanilla  bean  in 
alcohol.  Probably  there  is  a  bottle  of 
perfume  in  your  home.  If  so,  it  is  a 
solution  of  one  or  more  flower  ex- 
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tracts  in  alcohol.  Shellac  and  varnish 
dissolve  in  alcohol.  That  is  why  alco¬ 
hol  dropped  on  the  table  destroys  the 
varnish.  Alcohol  dissolves  some 
kinds  of  spots  from  your  clothes,  but 
carbon  tetrachloride  is  a  better  sol¬ 
vent  for  spots. 

Water  is  a  better  solvent  than  alco¬ 
hol.  It  dissolves  more  substances  than 
any  other  liquid.  For  this  reason  na¬ 
tural  waters  are  never  chemically 
pure.  They  have  always  become  so¬ 
lutions  by  dissolving  substances  out 
of  the  course  along  which  they  flow. 
Chemically  pure  water  is  obtained 
by  distillation  (page  70). 

When  you  dissolve  a  little  sugar  in 
a  cup  of  water,  you  make  a  dilute ,  or 
weak ,  solution.  When  you  add  a  con¬ 
siderable  quantity  of  sugar  to  your 
weak  solution,  you  have  a  strong ,  or 
concentrated ,  solution.  If  you  con¬ 
tinue  to  add  sugar,  there  comes  a 
time  when  not  all  of  the  sugar  will 
dissolve,  even  on  long  shaking.  You 
now  have  a  saturated  solution.  If  you 
warm  your  saturated  solution,  more 
of  the  sugar  will  dissolve.  In  saying 
that  a  solution  is  saturated,  you  must 
always  give  the  temperature.  You 
must  say,  for  example,  “A  solution 
of  sugar,  saturated  at  70°  F.” 

When  a  hot  saturated  solution 
cools,  the  liquid  can  no  longer  con¬ 
tain  so  much  dissolved  substance. 
Some  is  deposited.  The  cool  solution 
is  still  saturated,  but  its  capacity  is 
less.  Also  when  some  of  the  liquid 
evaporates,  the  dissolved  substance 
is  deposited,  but  the  remaining  solu¬ 
tion  is  saturated.  Did  you  ever  notice 


crystals  of  sugar  around  the  top  of  a 
jam  jar,  or  salt  on  a  bucket  of  salt 
fish?  You  sometimes  find  salt  on 
paper  in  which  butter  is  wrapped. 
The  salt  that  was  added  to  the  butter 
was  carried  out  by  water  contained 
in  the  butter,  and  left  behind  as  the 
water  evaporated. 

[Certain  substances,  such  as  “hy¬ 
po”  used  by  photographers,  do  not 
behave  as  simply  as  sugar  or  salt  in 
solution.  When  a  hot,  saturated  solu¬ 
tion  of  hypo  is  cooled,  hypo  is  not 
immediately  deposited.  Such  a  solu¬ 
tion  is  said  to  be  supersaturated.  It 
holds  more  hypo  than  is  needed  to 
saturate  it  at  the  lower  temperature. 
Supersaturated  solutions  are  very 
unstable  (easily  unbalanced) .  Drop¬ 
ping  a  crystal  of  hypo  into  such  solu¬ 
tion,  or  even  shaking  it,  will  cause 
depositing  of  the  excess  hypo.] 

Other  solutions.  The  word  solu¬ 
tion  does  not  apply  to  solutions  of 
solids  in  liquids  only.  Soda  water  is 
a  solution  of  a  gas,  carbon  dioxide,  in 
water.  The  carbon  dioxide  is  forced 
in  under  pressure.  When  the  pressure 
is  released,  the  carbon  dioxide  bub¬ 
bles  out.  The  greater  the  pressure  the 
more  gas  will  be  dissolved  by  a  liquid. 

Liquids  also  dissolve  in  gases.  The 
air  of  your  science  classroom  con¬ 
tains  dissolved  water  vapor.  The 
higher  the  temperature,  the  more 
water  vapor  it  can  dissolve.  Chilling 
the  air  throws  the  water  out  of  solu¬ 
tion  as  with  dew  or  rain.  The  metal 
iron  can  dissolve  large  quantities  of 
gas.  Solids,  liquids,  and  gases  can 
dissolve  in  solids,  liquids,  and  gases. 
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Muddy  water  is 
a  suspension  of 
mud.  The  mud 
may  be  removed 
by  filtering  or 
allowing  it  to 
settle 


Muddy  water  and  muddy  cof¬ 
fee.  Muddy  water  is  not  a  solution, 
because  if  left  standing  the  mud  set¬ 
tles  (separates).  We  can  also  filter 
the  mud  out  by  letting  the  muddy 
water  run  through  filter  paper.  The 
mud  is  not  dissolved  in  the  water. 
Fine  particles  of  mud  are  floating 
throughout  the  fluid.  Such  a  mixture 
of  fine  particles  supported  in  the 
body  of  a  fluid  is  called  a  suspen¬ 
sion.  The  particles  settle  upon  long 
standing.  Coffee  should  be  a  solu¬ 
tion,  but  often  a  fine  muddy  sedi¬ 
ment  settles  in  the  bottom  of  the 
cup.  Such  coffee  is  both  a  solution 
and  a  suspension. 

Grease  and  cold  water.  You 
cannot  wash  grease  off  your  hands 
with  cold  water.  Let  us  see  why. 
Shake  oil  and  water  together.  They 
mix,  but  if  left  standing,  the  mix¬ 
ture  separates.  Now  add  a  little  gum 
acacia  (gum  arabic)  and  shake 
again.  The  oil  and  the  water  mix, 
and  on  standing,  the  mixture  does 
not  separate.  Such  a  mixture  of  two 
liquids  is  an  emulsion.  Soap  makes 
an  emulsion  with  the  grease  on  your 
hands  and  the  cold  water.  Then  the 
grease  washes  off.  Cream  is  an 
emulsion  of  butterfat.  Cold  cream  is 
a  thick  emulsion.  Such  emulsions 


often  break  down  on  their  own  ac¬ 
cord.  Anything  that  destroys  the 
emulsifying  agent  will  also  break 
the  emulsion.  At  the  seashore,  have 
you  ever  tried  to  wash  your  hands 
with  salt  water  and  soap?  You  get  a 
greasy  scum  of  dirt  on  your  hands. 
The  soap  will  not  do  its  work  be¬ 
cause  the  salt  breaks  down  the 
emulsion. 

Crystals.  Dissolve  some  salt  and 
some  sugar  in  separate  dishes  of 
water.  Then  evaporate  the  water  in 
each  over  a  slow  flame  until  it  dries 
up.  Examine  the  salt  that  you  have 
recovered  under  a  magnifying  glass. 
You  will  find  that  the  small  parti¬ 
cles  are  not  simply  irregular  masses, 
but  they  have  a  regular  shape.  Each 
little  particle  is  a  cube  as  shown  in 
the  picture  on  page  81.  Sugar  par¬ 
ticles  have  a  somewhat  similar 
shape  but  they  are  not  exactly  cubes. 
Such  natural,  regular  forms  are 
called  crystals. 

A  photomicrograph  of  cream  showing 
fat  globules 


U.S.  Dept.  Agriculture 


American  Museum  of  Natural  History 


Quartz.  Note  the  form  of  the  crystals 

Many  minerals  exist  as  crystals, 
or  can  be  crystallized.  Often  these 
crystal  forms  give  us  an  easy  way 
of  identifying  minerals.  Quartz 
(rock  crystal)  is  a  common  mineral. 

It  is  hard,  often  colorless,  and  has 
been  mistaken  for  diamonds. 
Quartz,  however,  is  crystallized  in 
six-sided  prisms,  topped  with  six- 
sided  pyramids.  These  prisms  and 
pyramids  are  clearly  shown  by  the 
crystals  in  the  picture  on  this  page. 
Diamonds  never  crystallize  in  this 
form.  A  quick  look  at  the  two  crys¬ 
tals  tells  us  at  once  which  is  the 
diamond. 

Water  in  compounds.  Crystals 
often  contain  water.  If  you  heat  a 
crystal  of  copper  sulfate,  or  blue- 
stone,  in  a  test  tube,  the  copper  sul¬ 
fate  becomes  white  powder  and 
moisture  collects  on  the  outer  end 
of  the  tube.  This  is  water  of  crystal¬ 
lization.  On  allowing  the  white  cop¬ 
per  sulfate  to  stand  exposed  to  the 
air,  it  again  absorbs  water  and  turns 
blue.  Some  substances  absorb  water 
enough  from  air  to  dissolve  them. 
(Such  substances  are  said  to  be 
deliquescent.)  Calcium  chloride, 
which  absorbs  moisture  from  the 
air,  is  therefore  sometimes  spread 
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upon  the  road  to  lay  the  dust.  Many 
other  substances  absorb  water. 
Crackers  exposed  to  the  air  become 
limp.  Candy  becomes  sticky  in  damp 
weather.  Salt  “cakes”  in  the  shaker. 

Other  substances,  like  washing 
soda,  lose  water  when  exposed  to 
the  air.  (Such  substances  are  said  to 
be  efflorescent.) 

What  matter  is  built  of.  If  we 

dissolve  sugar  in  a  cup  of  water, 
every  drop  of  the  solution  is  sweet. 
A  grain  of  the  dye  methyl  violet  as 
large  as  a  pinhead  will  color  a  pail 
of  water.  We  can  explain  how  the 
solid  becomes  evenly  distributed 
through  the  liquid  by  supposing  that 
the  solid  as  well  as  the  liquid  is 
made  up  of  minute  particles.  In  so¬ 
lution  the  particles  of  the  compo¬ 
nents  become  mingled  together.  If 
we  mix  1  pint  of  water  with  1  pint 
of  alcohol,  we  should  expect  to  find 
1  quart  of  mixture.  Instead,  we  get 
only  1.9  pints.  No  weight  is  lost,  but 
the  volume  is  diminished.  To  ex¬ 
plain  the  spreading  of  the  dye  or 
sugar  and  the  loss  of  volume  of  the 
alcohol  and  water,  we  must  under¬ 
stand  how  matter  is  built,  as  the 
scientist  explains  it  today. 

To  explain  the  action  of  matter, 
the  scientist  supposes  that  all  mat¬ 
ter,  although  to  the  eye  it  may  seem 
solid  and  continuous  like  a  piece  of 
iron  or  cheese,  is  made  up  of  very 
fine  particles.  A  block  of  iron 
greatly  magnified  might  be  com¬ 
pared  to  a  box  of  marbles.  The  mi¬ 
nute  particles  of  matter  are  called 
molecules.  It  must  be  remembered 


that  we  have  not  actually  seen  mole¬ 
cules.  They  are  much  too  small  to 
be  seen  even  with  a  powerful  micro¬ 
scope.  The  size  of  a  molecule  is 
about  one  three-hundred-millionth 
of  an  inch.  A  molecule  is  the  small¬ 
est  particle  of  a  substance  that  can 
exist  and  still  remain  the  same  sub¬ 
stance.  If  a  molecule  were  divided 
we  should  no  longer  have  the  same 
substance.  Thus  the  smallest  particle 
of  water  that  can  exist  is  a  molecule 
of  water.  If  the  molecule  of  water  is 
divided,  we  get  two  atoms  of  hydro¬ 
gen  and  one  atom  of  oxygen.  An 
atom  is  the  smallest  particle  of  an 
element  that  can  combine  with  other 
atoms  and  form  molecules. 

The  contraction  in  volume  when 
alcohol  and  water  are  mixed  is  ex¬ 
plained  by  supposing  the  molecules 
of  one  substance  are  smaller  than 
those  of  the  other.  The  smaller  kind 
sifts  in  among  the  larger  kind  as 
sugar  sifts  in  among  peas. 

Now  let  us  account  for  the 
spreading  of  the  crystal  of  dye  in 
the  bucket  of  water.  It  is  supposed 
that  molecules  are  in  motion  even 
in  solids.  When  we  drop  a  crystal  of 
dye  into  water,  the  molecules  of  dye 
move  about  among  the  molecules  of 
water  until  they  are  evenly  distrib¬ 
uted. 

When  water  is  heated,  the  mole¬ 
cules  move  more  violently.  Mole¬ 
cule  bumps  against  molecule.  The 
molecules  are  driven  farther  apart. 
The  volume  is  increased.  With  con¬ 
tinued  heating,  the  motion  of  the 
molecules  becomes  so  violent  that 


Black  Star 


Salt.  Note  the  characteristic  shape  of 
the  crystals 

the  water  molecules  fly  away  as 
vapor,  gas,  or  steam.  We  shall  learn 
something  more  about  the  motion  of 
molecules  when  we  study  heat  in  a 
later  chapter. 

Experiment  25 

Question:  What  are  two  general  prop¬ 
erties  of  matter? 

Materials:  A  graduated  cylinder;  a 
balance  and  weights;  a  small  stone. 

Directions:  (a)  Weigh  and  record 
the  weight  of  the  cylinder  in  the  table 
under  Results. 

( b )  Fill  with  water  to  the  50  c.c. 
mark.  Again  weigh  and  record  the 
weight. 

(c)  Weigh  a  small  stone  and  record. 

( d )  Lower  the  stone  gently  into  the 
cylinder  of  water.  Read  and  record  the 
increased  volume. 

Results:  Weight  of  cylinder: 

Weight  of  cylinder  with  50 
c.c.  of  water: 

Weight  of  50  c.c.  of  water: 

Weight  of  stone: 

Volume  of  water: 

Volume  of  water  and  stone: 

Volume  of  stone. 

Conclusion:  If  you  try  similar  experi¬ 
ments  with  a  great  variety  of  things,  you 
will  find  that  matter  always  has  the  two 
general  properties  that  you  measured 
above.  Answer  the  question  at  the  be¬ 
ginning  of  the  experiment. 
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Experiment  26  (Optional) 

Question:  How  can  I  recognize  some 
common  substances  by  studying  their 
characteristic  physical  and  chemical 
properties? 

Materials:  Desk  apparatus;  copper 
penny;  window  glass;  wood;  gasoline; 
water. 

Directions  and  observations :  (a)  Ex¬ 
amine  the  copper  penny  and  answer  the 
following  questions.  Use  complete  sen¬ 
tences,  and  number  your  answers  to  cor¬ 
respond  to  the  questions.  1.  What  is  the 
color,  luster,  and  weight  (heavy  or 
light)  of  copper  compared  with  alum¬ 
inum?  (We  call  the  peculiar  shine  of 
metals  “metallic  luster.”)  2.  What  is 
the  action  of  air  upon  copper?  3.  Is 
copper  malleable?  How  do  you  know? 
4.  How  could  you  distinguish  copper 
from  iron? 

(6)  Examine  the  piece  of  window 
glass.  5.  Give  its  physical  properties.  6. 
Both  window  glass  and  ice  are  brittle 
and  transparent.  How  should  you  dis¬ 
tinguish  them? 

(c)  Examine  the  piece  of  wood.  7. 
Give  four  physical  properties  and  one 
chemical  property  of  wood.  8.  How 
should  you  distinguish  wood  from 
glass?  9.  How  should  you  distinguish 
gasoline  from  water? 

Conclusion:  How  are  different  sub¬ 
stances  distinguished?  1.  Name  two 
substances  that  can  be  distinguished  by 
smell.  2.  Name  two  substances  that  can 
be  distinguished  by  color.  3.  Name  two 
substances  that  can  be  distinguished  by 
touch.  4.  Name  two  substances  that  can 
be  distinguished  by  sight.  5.  Name  two 
substances  that  can  be  distinguished  by 
weight.  6.  Name  two  substances  that 
can  be  distinguished  by  taste. 

Experiment  27  (Optional) 

Particular  kinds  of  matter  have  spe¬ 
cial  properties.  On  page  75  are  listed 


some  of  these  special  properties.  Exam¬ 
ine  a  number  of  different  substances 
and  determine  their  special  properties. 
Find  names  for  those  properties  not 
listed.  Most  organic  matter  (compounds 
produced  by  plants  and  animals,  organ¬ 
isms)  burns  readily.  Try  various  kinds 
of  paper,  sugar,  coal,  flour  by  holding 
them  in  a  flame  with  forceps  or  by  heat¬ 
ing  on  an  iron  plate.  Burning,  however, 
is  not  a  test  for  organic  matter,  as  some 
inorganic  matter  also  burns,  sulphur, 
for  example;  and  some  organic  matter 
does  not  burn,  as  carbon  dioxide. 

Experiment  28 

Question:  What  is  formed  when  mer¬ 
curic  oxide  is  heated? 

Materials:  Desk  apparatus;  mercuric 
oxide;  ignition  test  tube;  Syracuse 
watch  glass;  hand  magnifier. 

Warning. — Mercury  dissolves  gold 
and  silver.  Keep  jewelry  away  from  it. 
Remember  that  mercury  fumes  are 
poisonous. 

Directions  and  results:  Place  one  c.c. 
of  mercuric  oxide  in  an  ignition  test 
tube  and  heat.  Ignition  test  tubes  are 
thick  and  require  careful  heating  to 
avoid  breakage.  After  the  powder  has 
changed  color,  place  a  glowing  splint 
(spark)  in  the  tube.  1.  What  happens 
to  the  spark?  What  must  have  been 
given  off? 

Should  nothing  happen,  heat  the  tube 
more  intensely  and  try  the  spark  test 
again.  2.  Through  the  magnifying  glass, 
examine  the  deposit  that  collects  on  the 
cooler  part  of  the  tube.  Pour  the  con¬ 
tents  of  the  tube  into  a  Syracuse  watch 
glass.  The  little  globules  are  mercury. 
This  illustrates  one  type  of  chemical 
change  known  as  simple  decomposi¬ 
tion. 

Conclusion:  Answer  the  question.  1. 
Name  two  elements  which  compose  the 
red  powder.  2.  What  is  an  oxide?  3. 
Define  simple  decomposition. 
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Experiment  29 

Question:  How  can  I  distinguish  a 
mixture  from  a  compound? 

Materials:  Six  c.c.  of  powdered  sul¬ 
fur;  4  c.c.  of  fine  iron  filings;  two 
pieces  of  paper;  bar  magnet;  6-inch 
test  tube;  asbestos  board;  sheet  iron  2 
inches  square;  Bunsen  burner;  water. 

Directions  and  results:  (a)  Mix  the 
sulfur  and  iron  filings.  1.  Can  you 
distinguish  iron  and  sulfur  by  eye? 

(b)  Spread  a  thin  layer  of  the  mix¬ 
ture  on  a  paper.  Pass  a  magnet  over  it. 
2.  What  happens? 

(c)  Put  a  pinch  of  the  mixture  in 
half  a  test  tube  of  water.  Cover  with 
thumb  and  shake.  3.  What  collects  at 
bottom  and  at  top? 

(d)  Place  1  c.c.  of  the  mixture  in  a 
test  tube  and  5  c.c.  of  carbon  tetrachlo¬ 
ride.  Shake.  Filter  through  the  dry  fil¬ 
ter  paper  into  a  watch  glass.  Place  the 
watch  glass  outside  the  window  until  the 
liquid  evaporates.  4.  What  remains  on 
the  filter  paper?  5.  What  remains  on 
the  watch  glass? 

(e)  Heat  a  small  part  of  the  mixture 
of  sulfur  and  iron  filings  on  sheet  iron 
until  all  action  stops.  Allow  it  to  cool. 
6.  Compare  with  original  mixture  as  to 
color,  appearance. 

(/)  Crush  the  heated  material  to  a 
powder.  Test  with  the  magnet.  7.  Re¬ 
sult? 

(g)  Put  a  portion  in  a  test  tube  of 
water  as  above.  8.  Result? 

Conclusions:  Which  procedure  did 
not  change  the  original  substances? 
Which  procedure  resulted  in  a  new 
chemical  compound? 

Experiment  30 

Question:  WTiat  is  meant  by  solution? 

Materials:  Desk  apparatus;  powdered 
copper  sulfate;  mustard  spoon. 

Directions  and  results:  (a)  Pour  an 
inch  of  water  into  a  test  tube.  Add  a 
mustard  spoonful  of  powdered  copper 
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sulfate  (blue  vitriol).  Copper  sulfate 
instead  of  sugar  is  used  because  it  is 
blue  and  so  shows  solution  by  coloring 
the  water.  Shake  the  test  tube.  1.  De¬ 
scribe  what  happens. 

( b )  Add  two  more  mustard  spoon¬ 
fuls  of  copper  sulfate,  and  shake  as 
before.  2.  How  has  the  solution 
changed?  What  word  is  used  to  denote 
such  a  solution? 

(c)  Add  three  more  spoonfuls  of 
copper  sulfate  and  shake.  3.  What  re¬ 
sults?  What  kind  of  solution  have  you 
now? 

(d)  Warm  the  water  in  the  test  tube 
and  shake  as  before.  4.  Result? 

(e)  Add  four  more  spoonfuls  of  cop* 
per  sulfate  and  boil.  5.  Note  result. 

(/)  Pour  off  the  clear,  boiling  hot, 
saturated  solution  into  a  test  tube  and 
cool  by  letting  cold  water  run  over  the 
test  tube.  6.  Tell  what  results. 

Conclusion:  1.  Explain  how  you  would 
prepare  cold  solutions  of  washing  soda 
in  three  strengths:  dilute,  strong,  and 
saturated.  2.  How  does  temperature 
affect  the  solvent  (dissolving)  action  of 
a  liquid?  When  speaking  of  a  saturated 
solution,  why  must  you  mention  the  tem¬ 
perature? 

Practical  application:  Chemists  use 
solution  as  a  means  of  purification.  How 
should  you  obtain  pure  sugar  from  a 
mixture  of  sugar  and  sand? 

Experiment  31  (Optional) 

Problem:  To  distinguish  a  suspension 
from  a  solution. 

Make  a  suspension  by  stirring  a  little 
mud  in  a  glass  of  water.  Pour  half  of  the 
muddy  water  into  a  second  glass  and 
set  the  glass  aside  where  it  will  not  be 
disturbed  until  the  next  day.  Filter  half 
through  a  filter  paper  that  has  been  al¬ 
ready  wet  with  clear  water  (page  65) . 

Compare  your  results  with  those  ob¬ 
tained  with  a  glass  of  water  in  Experi¬ 
ment  30,  in  which  you  put  a  spoonful 
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of  copper  sulfate  into  a  little  water. 
Which  is  the  solution  and  which  is  the 
suspension? 

Experiment  32  (Optional) 

Question:  How  can  I  prepare  an 
emulsion  ? 

Materials:  Desk  apparatus;  glyco- 
stearin;  vaseline;  paraffin  wax;  mineral 
oil;  any  perfume. 

Directions:  (a)  Cold  creams  are 
emulsions  of  either  animal  or  mineral 
fats  in  water,  usually  with  a  small 
amount  of  added  perfume.  In  order  to 
prepare  cold  cream,  it  is  necessary  to 
have  something  to  keep  the  fat  evenly 
distributed  throughout  the  water.  Sub¬ 
stances  of  this  kind  are  called  emulsify¬ 
ing  agents.  In  the  cold  cream  which  we 
will  make,  we  shall  use  diglycol  stearate, 
a  very  close  relative  of  beef  fat,  as  the 
emulsifying  agent. 

(6)  Weigh  into  a  small  beaker: 


glycostearin  . . . 

Si 

grams 

vaseline  . 

....4 

u 

paraffin  wax  . . . 

....3 

« 

mineral  oil  .... 

7J, 

« 

Into  a  second  small  beaker,  pour  25 
grams  of  water.  Heat  both  beakers  over 
a  water  bath  to  a  temperature  of  170°  F. 
Be  very  careful  that  the  mixture  of  fats 
is  not  heated  above  that  temperature. 
When  fats  and  water  have  reached  the 
desired  temperature,  pour  the  water 
slowly  into  the  mixture  of  oils  with  con¬ 
stant  stirring.  Stir  thoroughly  for  a 
short  time  and  then  allow  to  stand  until 
air  bubbles  have  disappeared. 

(c)  Allow  the  cold  cream  to  stand 
until  it  has  reached  a  temperature  of 
about  120°  F.,  then  add  a  few  drops  of 
any  perfume  and  stir  again.  Pour  into 
small  jars.  Cover  jars  as  soon  as  pos¬ 
sible,  and  allow  them  to  stand  until  the 
next  day.  The  following  day  you  will 
find  that  you  have  prepared  an  excel¬ 
lent  and  inexpensive  cold  cream. 


( d )  If  the  consistency  of  the  cold 
cream  that  you  make  does  not  suit  you, 
you  can  make  it  harder  by  increasing 
the  proportion  of  paraffin  wax,  or  softer 
by  increasing  the  proportion  of  mineral 
oil. 

Diagram:  None  required. 

Conclusion:  Answer  the  question. 

Practical  application:  The  formula 
given  above  is  similar  to  that  used  in 
preparing  one  of  the  well-known  com¬ 
mercial  cold  creams.  It  is  not  necessary 
to  use  the  fats  specified.  Almond  oil  may 
be  substituted  for  mineral  oil  and  lard 
for  vaseline,  and  other  similar  changes 
made.  Sometimes  the  cream  turns  out  to 
be  grainy.  A  grainy  consistency  is  due  to 
insufficient  stirring  or  to  mixing  at  too 
low  a  temperature. 

Experiment  33 

Question:  How  can  I  prepare  crys¬ 
tals? 

Materials:  Tumbler;  sugar;  string; 
water. 

Directions :  (a)  Prepare  a  tumblerful 
of  a  warm  saturated  solution  of  sugar. 
Pour  the  solution  into  a  tumbler  and 
put  it  in  a  warm  place  where  it  will  not 
be  disturbed.  Attach  the  string  so  that 
one  end  will  hang  down  in  the  tumbler. 
The  rough  surface  of  the  string  will  give 
the  sugar  crystals  something  to  which 
to  cling. 

(6)  In  a  few  days  examine  the  string. 
You  will  probably  find  it  covered  with 
small  crystals  of  sugar.  As  the  water 
evaporates,  these  crystals  will  grow 
larger.  In  this  experiment  you  have 
made  rock  candy. 

(c)  If  you  wish,  you  can  substitute 
alum,  copper  sulfate,  potassium  bi¬ 
chromate,  or  any  of  many  other  chem¬ 
icals  for  the  sugar.  It  makes  an  interest¬ 
ing  exercise  for  members  of  the  class  to 
prepare  different  crystals. 

Diagram:  Show  the  sugar  crystals  on 
the  string. 
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Conclusion:  What  are  crystals?  An¬ 
swer  the  question. 

Practical  application :  Many  minerals 
can  be  identified  by  the  form  in  which 
they  crystallize.  Many  substances  do  not 
crystallize.  Examine  starch  under  the 
microscope  and  you  will  see  that  it  con¬ 
sists  of  rounded  irregular  bodies  that  are 
not  crystals.  Such  substances  are  called 
amorphous  (without  definite  shape). 

Experiment  34 

Question:  What  happens  to  lye  and 
washing  soda  upon  exposure  to  the  air? 

Materials:  Two  watch  glasses;  two 
test  tubes;  Bunsen  burner;  washing 
soda;  lye  (potassium  hydroxide). 

Directions  and  results:  (a)  Heat 
gently  in  the  test  tube  a  small  piece  of 
washing  soda,  holding  the  mouth  of  the 
test  tube  pointing  slightly  downward. 
Note  what  is  deposited  on  the  cooler 
parts  of  the  test  tube. 

( b )  Place  on  the  watch  glasses  a  small 
piece  of  washing  soda  and  a  small  piece 
of  lye.  ( Caution :  Do  not  remove  the  lye 
from  the  bottle  until  ready  to  use,  and 
immediately  cork  the  bottle.  Do  not 
handle  the  lye  with  your  fingers;  use 
forceps  or  a  piece  of  paper.)  Set  the 
watch  glasses  aside,  observe  at  the  end 
of  an  hour  and  again  at  the  end  of  two 
days. 

Results:  Record  the  results  in  a  table. 

Conclusion:  Answer  the  questions. 
Use  the  terms  explained  on  page  80  to 
describe  the  behavior  of  the  two  sub¬ 
stances. 

Experiment  35  (Optional) 

Heat  copper  sulfate  in  a  test  tube. 
Write  the  report  of  the  experiment,  us¬ 
ing  the  appropriate  term  for  the  be¬ 
havior  of  the  substance. 


Experiment  36 

Question:  1.  How  can  I  show  that  the 
minute  particles  which  make  up  matter 
are  very  small;  2.  That  they  are  in  mo¬ 
tion;  3.  That  they  do  not  fill  all  the 
space  they  seem  to? 

Materials:  Desk  apparatus;  any  anil¬ 
ine  dye;  copper  sulfate;  glass  measur¬ 
ing  tube;  colored  alcohol. 

Directions:  (a)  Put  a  piece,  as  large 
as  the  head  of  a  pin,  of  some  aniline 
dye,  such  as  methyl  violet,  in  a  quart  of 
water.  Stir  well.  Notice  that  every  drop 
of  the  water  becomes  colored.  1.  How 
do  you  account  for  the  water  becoming 
colored? 

(6)  Put  a  piece  of  copper  sulfate 
at  the  bottom  of  a  test  tube.  Fill  the  test 
tube  with  water  and  allow  it  to  stand 
undisturbed  during  the  class  period.  At 
the  end  of  the  period  examine  it.  2. 
What  evidence  have  you  that  the  par¬ 
ticles  of  solids  are  in  motion? 

(e)  Half  fill  a  long  measuring  tube 
(eudiometer  tube)  with  water.  Care¬ 
fully  pour  colored  alcohol  on  top  of  the 
water.  Avoid  mixing  the  alcohol  with 
the  water.  Color  is  used  only  to  show 
that  the  alcohol  floats  on  the  water.  Put 
a  rubber  band  around  the  tube  at  the 
top  of  the  alcohol.  Cork  the  tube  and 
invert  several  times  until  the  alcohol  and 
water  are  well  mixed.  Note  the  level  of 
the  mixed  liquids,  as  shown  by  the 
band.  3.  The  tube  was  corked  so  that 
nothing  could  get  in  or  out.  How  then 
do  you  account  for  the  decreased  vol¬ 
ume  of  the  liquid? 

Diagram:  None  is  required. 

Conclusion:  From  this  experiment, 
what  do  you  conclude  about  the  way 
matter  is  built?  Think.  Do  these  results 
prove  that  matter  is  molecules  in  mo¬ 
tion,  or  are  they  only  evidence  support¬ 
ing  a  theory? 


Chapter  Ten 

Some  Common  Elements  and 
Compounds 


The  element  hydrogen.  In  ad¬ 
dition  to  being  a  constituent  of 
water,  which  forms  66  per  cent  of 
our  bodies,  hydrogen  is  a  constitu¬ 
ent  of  our  very  flesh,  for  it  occurs 
in  proteins  and  fats  which  make  up 
our  flesh  (see  pages  377  and  378). 
It  is  a  constituent  of  all  our  foods 
unless  we  wish  to  call  common  salt 
a  food.  This  gives  an  idea  of  the 
important  part  hydrogen  plays  in 
the  world. 

You  can  easily  generate  some 
hydrogen  by  the  action  of  hydro¬ 
chloric  or  other  acid  on  zinc  (Ex¬ 
periment  37,  page  89).  You  can 
collect  test  tubes  full  of  hydrogen 
by  holding  the  delivery  tube  under 
the  inverted  test  tubes.  You  cannot 
see  the  hydrogen,  smell  it,  or  taste 
it.  How  do  you  know  that  the  tube 
contains  it?  When  you  bring  the 
tube  close  to  a  flame,  there  is  a 
slight  explosion  and  you  may  see  a 
faint  blue  flame  running  up  the 
tube.  If  the  tube  is  partly  filled, 
there  is  a  louder  explosion.  If  you 
start  with  a  perfectly  dry  test  tube, 
you  will  probably  find  a  little 
moisture  on  the  sides  of  the  tube 
after  the  explosion. 

After  the  generator  has  been 
working  well  for  some  time,  you 


will  be  able  to  light  the  gas  escap¬ 
ing  at  the  end  of  the  delivery  tube. 
Hydrogen  will  burn  with  a  faint 
bluish  flame.  If  you  hold  a  cold 
plate  in  the  flame,  you  will  find  a 
deposit  of  moisture  on  the  plate.  We 
have  learned  that  burning,  or  com¬ 
bustion,  is  oxidation,  or  the  union 
of  other  matter  with  oxygen.  Burn¬ 
ing  hydrogen  makes  water.  You 
must  not  try  this  experiment  until 
the  generator  has  been  working  for 
some  time  and  all  the  air  is  driven 
out  of  the  tube,  or  there  may  be  a 
violent  explosion  that  will  scatter 
glass,  acid,  and  zinc.  Oxygen  and 
hydrogen  make  an  explosive  mix¬ 
ture.  Its  explosive  nature  makes  the 
use  of  hydrogen  very  dangerous  in 
balloons,  although  its  extreme  light¬ 
ness — it  is  the  lightest  of  all  sub¬ 
stances — makes  it  the  best  gas  for 
lifting  balloons. 

Carbon.  You  have  met  the  ele¬ 
ment  carbon  in  your  study  of  car¬ 
bon  dioxide.  It  is  a  very  important 
element  to  us.  The  largest  part  of 
the  dry  weight  of  our  bodies  is  car¬ 
bon.  Carbon  is  the  black  stuff  of 
coal.  A  soft  form  of  carbon  is 
graphite,  which,  mixed  with  fine 
clay,  forms  the  “lead”  of  pencils. 
The  slipperiness  of  graphite  makes 
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it  a  valuable  lubricant.  Its  blackness 
accounts  for  its  use  in  stove  polish. 
The  diamond  is  a  hard  form  of  car¬ 
bon.  Its  exceeding  hardness  makes 
it  useful  in  cutting  other  substances. 
Diamond  drills  are  studded  with 
diamonds,  and  saws  studded  with 
diamonds  are  used  to  cut  marble. 
Carbon  from  bones  (animal  char¬ 
coal)  makes  a  valuable  filter  for 
clearing  coloring  matter  from  sugar 
and  other  solutions.  In  the  iron  in¬ 
dustry  carbon  in  the  form  of  coke, 
obtained  by  driving  off  the  gas  from 
coal,  is  mixed  with  limestone  to  free 
iron  from  its  ore. 

Carbon  is  a  part  of  many  famil¬ 
iar  compounds — sugar,  starch, 
washing  soda  (sodium  carbonate), 
baking  soda  (sodium  bicarbonate), 
the  calcium  carbide  used  in  gener¬ 
ating  acetylene  for  acetylene  lights, 
alcohol,  and  carborundum  for 
grinding.  It  is  one  of  the  principal 
elements  of  fuels.  If  you  lower  a 
plate  into  a  candle  or  gas  flume,  the 
plate  will  be  coated  with  lampblack 
or  carbon.  Smoky  flames  are  due  to 
the  unbujmed  carbon  in  them.  Car¬ 
bon  causes  the  yellow  gas  flame.  If 
you  open  the  holes  at  the  bottom  of 
the  Bunsen  burner  so  that  there  is 
plenty  of  oxygen  to  unite  with  the 
carbon,  the  Bunsen  flame  is  blue. 
Carbon  collects  in  the  cylinders  of 
automobile  engines  when  the  com¬ 
bustion  (burning)  is  so  poor  that 
the  carbon  is  not  all  burned. 

You  have  learned  that  the  com¬ 
bustion  or  burning  of  carbon  and  of 
hydrogen  in  our  bodies  generates 


the  energy  that  keeps  us  alive.  You 
know  of  the  respiratory  organs  de¬ 
signed  by  nature  to  rid  the  body  of 
the  resulting  carbon  dioxide.  No 
person  or  animal  can  live  in  an  at¬ 
mosphere  containing  a  large  propor¬ 
tion  of  carbon  dioxide.  In  certain 
valleys,  such  as  Death  Gulch  and 
Poison  Valley,  Java,  carbon  dioxide 
lies  in  the  valleys  in  such  quantity 
that  persons  or  animals  attempting 
to  cross  the  valley  are  smothered  to 
death.  “Choke  damp”  that  occurs  in 
coal  mines,  especially  after  fires  or 
explosions,  is  carbon  dioxide. 

Whenever  carbon  burns  with  in¬ 
sufficient  oxygen  to  form  carbon 
dioxide  (CO2),  it  forms  carbon 
monoxide  (CO).  This  is  an  exceed¬ 
ingly  dangerous  gas.  It  is  poisonous 
and  stealthy.  Since  it  is  colorless, 
odorless,  and  tasteless,  one  does  not 
know  of  its  presence.  It  is  formed  by 
incomplete  combustion  in  automo¬ 
bile  motors ;  hence  one  should  never 
stay  in  a  closed  garage  with  the  en¬ 
gine  running.  Coal  and  gas  stoves 
sometimes  give  off  carbon  monox¬ 
ide.  The  blue  flame  that  you  see  in 
a  coal  fire  is  carbon  monoxide  burn¬ 
ing  to  become  carbon  dioxide. 

Chlorine  and  its  compounds. 
In  purifying  water  for  our  cities, 
chlorine  is  often  used.  It  destroys 
bacteria  and  other  living  things. 
Perhaps  you  have  read  of  its  use  in 
World  War  I  to  destroy  human 
lives.  It  is  a  choking,  irritating, 
greenish  yellow  gas.  We  seldom  use 
the  gas  because  it  is  more  conveni¬ 
ently  handled  as  a  liquid  or  in  one 


of  its  compounds.  It  is  easily  lique¬ 
fied  and  is  added  to  water  supplies 
in  liquid  form  when  necessary.  A 
compound  of  chlorine,  known  as 
Dakin  s  solution  (sodium  hypochlo- 
ride),  has  been  used  for  disinfecting 
wounds.  Javelle  water  (a  solution 
of  potassium  hypochloride  and  cal¬ 
cium  hypochloride)  has  been  used 
also  for  disinfecting,  but  is  more  ir¬ 
ritating  to  the  flesh.  Both  solutions 
may  be  used  in  small  quantities  to 
make  water  safe  for  drinking. 
“Chloride  of  lime”  is  a  familiar  dis¬ 
infectant  for  toilets  and  other 
“rougher”  uses.  Potassium  chlorate 
is  sometimes  used  in  throat  tablets 
to  kill  the  germs  of  sore  throat.  Sal 
ammoniac  (ammonium  chloride) 
we  shall  use  in  our  study  of  elec¬ 
tricity  to  make  electric  battery  cells. 

In  laboratories  and  in  industry, 
hydrochloric  acid,  a  compound  of 
hydrogen  and  chlorine,  is  an  ex¬ 


( 1 )  J.  C.  Allen  and  Son,  (2)  ( 3 )  Philip  Gendreau 

Organic  compounds  (1)  meat  (2) 
grain  (3)  coal 


ceedingly  important  chemical.  You 
will  use  it  many  times  in  your  study 
of  science.  Common  table  salt'  is 
sodium  chloride,  a  compound  of  the 
metal  sodium  with  chlorine.  Chlo¬ 
ride  of  lime  and  other  chlorine  com¬ 
pounds  are  used  for  bleaching.  Ink 
eradicators  use  such  compounds. 

Organic  and  inorganic  matter. 
Years  ago,  scientists  called  all  com¬ 
pounds  made  in  the  bodies  of  living 
things  organic.  Living  things,  plants 
and  animals,  are  called  organisms . 
Humus,  the  part  of  the  soil  made  up 
of  decaying  plants,  is  organic.  The 
blue  dye  called  indigo  was  organic 
because  it  was  made  by  the  indigo 
plant.  Chemists  finally  succeeded  in 
making  this  compound  in  the  labor¬ 
atory.  They  made  not  an  imitation 
but  real  indigo.  Evidently  it  was 
impossible  to  call  indigo  organic 
when  it  was  made  by  living  nature 
and  inorganic  when  it  was  made  in 
the  laboratory.  It  was  known  that 
the  compounds  made  by  living  na¬ 
ture  contained  the  element  carbon. 
We  therefore  changed  our  defini¬ 
tion  and  now  define  organic  com¬ 
pounds  as  compounds  containing 
carbon.  Starch  is  organic  because  it 
is  a  carbon  compound.  Water  is 
inorganic  because  it  contains  no 
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(1)  cotton  (2)  diamonds  (3)  fruit 
contain  carbon 


carbon.  Plants  and  animals  are  com¬ 
posed  of  carbon  compounds  and  are 
therefore  organic.  Inorganic  sub¬ 
stances  are  substances  that  contain 
no  carbon .  Most  rocks,  water,  iron 
rust  are  inorganic. 

We  know  that  carbon  burns,  so 
we  should  expect  all  organic  matter 
to  burn,  since  it  is  made  up  of  car¬ 
bon  compounds.  We  know  that  many 
organic  compounds,  such  as  wood, 
straw,  and  meat,  do  bum  (or,  scien¬ 
tifically  speaking,  are  combustible). 
You  must  remember,  however,  that 
when  a  carbon  compound  burns 
(combines  with  oxygen),  a  new  car¬ 
bon  compound  is  formed,  and  this 
new  carbon  compound,  although  it 
is  organic,  may  not  burn  because  it 
is  really  an  ash  (oxide).  Carbon  di¬ 
oxide,  for  example,  does  not  bum. 
It  is  not  true,  therefore,  that  all  or¬ 
ganic  compounds  will  burn. 


Directions  and  results:  (a)  Move  the 
lighted  Bunsen  burner  4  feet  away.  Put 
the  zinc  into  the  generator  and  cover  it 
with  water.  See  that  the  thistle  tube 
reaches  below  the  surface  of  the  water 
in  the  generator.  Pour  concentrated  sul¬ 
phuric  acid  into  the  thistle  tube.  1.  What 
evidence  do  you  see  of  chemical  action? 
Hold  the  delivery  tube  under  water  in 
the  trough  to  show  that  gas  is  being 
delivered. 

( b )  Hold  a  bottle  with  mouth  down 
over  the  delivery  tube  for  a  minute  or 
two.  Then  carry  the  bottle  holding  the 
mouth  down  to  the  flame.  2.  What  hap¬ 
pens?  A  “pop”  or  slight  explosion  shows 

Generating  and  collecting  hydrogen 


Experiment  37  (Teacher  Demonstra¬ 
tion) 

Question:  How  can  hydrogen  be  pre¬ 
pared?  What  can  I  learn  about  it  by 
experiment? 

Materials:  Generator,  as  shown  in 
figure;  trough  or  flat  dish  for  collecting 
hydrogen ;  4  bottles  or  test  tubes ;  4 
glass  plates  for  covers;  zinc;  sulfuric 
acid. 


90 


MATTER 


that  there  is  a  mixture  of  hydrogen  and 
oxygen  present. 

(c)  Repeat  the  operation  until  there 
is  no  explosion.  Then  you  may  consider 
that  hydrogen  but  no  oxygen  is  coming 
from  the  generator.  Note  that  the  mix¬ 
ture  of  hydrogen  and  oxygen  is  explo¬ 
sive  and  may  be  dangerous.  3.  What 
color  is  the  hydrogen  flame? 

( d )  Fill  four  bottles  with  hydrogen 
as  shown  in  the  figure.  Cover  each  with 
a  plate  of  glass,  and  stand  it  with  mouth 
down.  4.  What  are  the  color,  odor,  taste 
of  hydrogen? 

(e)  Try  pouring  a  bottle  of  hydrogen 
into  an  empty  bottle.  You  will  see  noth¬ 
ing,  but  go  through  the  motions.  Then 
bring  the  second  bottle  to  the  flame.  5. 
Is  there  any  evidence  that  the  hydrogen 
went  into  the  second  bottle? 

(/)  Try  pouring  a  bottle  full  of  hy¬ 
drogen  upward  into  an  inverted  bottle. 
Holding  the  second  bottle  with  mouth 
down,  carry  it  to  the  flame.  6.  Is  there 
any  evidence  that  hydrogen  went  up¬ 
ward  into  the  inverted  bottle?  7.  What 
do  operations  (e)  and  (/)  show  about 
the  weight  of  hydrogen  compared  with 
that  of  air? 

Diagram:  Show  the  generator  and 
the  method  of  collection.  Show  opera¬ 
tions  (e)  and  (/). 

Conclusion:  Answer  the  question. 

Application:  Why  has  hydrogen  been 
used  to  fill  balloons?  Why  is  it  danger¬ 
ous  in  aircraft? 

Experiment  38 

Problem:  To  become  acquainted  with 
carbon. 

Materials:  One  piece  each  of  hard 
coal,  soft  coal,  coke,  charcoal,  lead  from 
a  pencil,  wood  splint;  a  little  corn¬ 
starch;  sugar;  pair  of  forceps;  evap¬ 
orating  dish  or  other  white  dish;  three 
test  tubes;  Bunsen  burner. 

Directions  and  results:  (a)  With  the 
forceps  hold  in  the  Bunsen  flame  pieces 
of  coal,  coke,  pencil  lead. 


Under  heading,  Results,  draw  up  a 
table  reporting;  ease  of  burning,  and 
presence  of  smoke  or  gas,  flame,  and 
ash. 

(6)  Put  sugar  and  starch  into  test 
table  reporting:  ease  of  burning,  and 
smoke  is  given  off.  1.  What  is  the  black 
substance  remaining? 

(c)  Light  the  wood  splint  and  lower 
over  it  the  white  dish.  2.  What  is  de¬ 
posited  on  the  dish? 

( d )  Close  the  air  hole  at  the  base  of 
the  Bunsen  burner.  Lower  the  white 
dish  into  the  yellow  flame.  3.  What  is 
deposited?  4.  Where  did  it  come  from? 

Conclusions:  What  is  the  appearance 
of  carbon?  Is  the  element  common  or 
uncommon  about  us?  Does  carbon 
burn? 

Application:  If  an  automobile  engine 
leaves  a  deposit  of  carbon,  is  it  efficient 
(that  is,  does  it  get  all  the  heat  and 
power  out  of  the  fuel)  ? 

Experiment  39  (Optional) 

Question:  How  can  I  make  ink  eradi- 
cator? 

Materials:  A  large  beaker  or  a  pint 
jar;  two  smaller  beakers;  chloride  of 
lime;  washing  soda  (sodium  carbo¬ 
nate)  ;  hot  water;  10  per  cent  solution 
of  hydrochloride  acid. 

Directions:  (a)  Pour  the  hot  water 
into  the  large  beaker.  Stir  in  the  chlo¬ 
ride  of  lime.  Then  stir  in  the  washing 
soda.  Allow  to  settle  and  pour  off  the 
clear  liquid  into  a  beaker.  Make  the  di¬ 
lute  acid  in  the  other  beaker  by  pouring 
10  cc.  of  hydrochloric  acid  into  90  cc. 
of  water.  Do  not  pour  the  water  into  the 
acid,  or  the  action  may  be  so  violent  as 
to  throw  the  acid  out. 

(b)  Write  on  a  piece  of  paper  with 
ink.  Blot.  With  a  glass  rod  rub  some  of 
the  solution  from  the  first  beaker  on  the 
writing.  Then  with  the  rod  rub  some  of 
the  dilute  acid  solution  over  it.  Note 
what  happens. 

Conclusion:  Answer  the  question. 


Chapter  Eleven 

Sour,  Bitter,  and  Salty  Stuffs 


What  an  acid  is.  You  know  what 
is  meant  by  sour.  A  lemon  is  sour. 
Vinegar  is  sour.  This  sour  taste  is 
characteristic  of  a  class  of  chemical 
compounds  that  we  name  acids .  The 
German  name  for  acid  is  sourstuff. 
Lemons  contain  citric  acid.  Vinegar 
contains  acetic  acid.  Cranberries, 
tomatoes,  and  fruits  in  general  owe 
their  tart  taste  to  various  acids  that 
they  contain.  You  know  much  about 
the  properties  of  some  of  these 
acids,  even  if  you  do  not  know  their 
chemical  names.  You  know  that 
such  acids  are  sour  and  that  they 
corrode  (eat  away  metals).  If  you 
stew  tomatoes  in  an  aluminum  pan, 
you  get  a  beautifully  clean  pan  be¬ 
cause  acid  in  the  tomatoes  has  eaten 
away  the  surface.  A  drop  of  strong 
acid  eats  a  hole  in  your  clothes  or 
bums  your  skin. 

In  the  chemical  laboratory  we  do 
not  like  to  taste  unknown  substances, 
lest  they  be  poisonous.  We  use  in¬ 
stead  some  chemical  test.  When  we 
put  a  little  dilute  hydrochloric  acid 
and  a  small  strip  of  metal,  as  mag¬ 
nesium  or  zinc,  into  a  test  tube,  the 
metal  starts  to  dissolve  and  a  gas  is 
given  off.  This  gas  is  hydrogen.  The 
acid  contains  hydrogen,  and  when 
zinc  is  added,  the  zinc  replaces  or 
drives  out  the  hydrogen.  [This  action 
gives  the  definition  of  an  acid.  An 
acid  is  substance  which  contains  hy¬ 


drogen  that  may  be  replaced  by  a 
metal.] 

What  a  base  is.  A  second  kind 
of  chemical  compound  having  prop¬ 
erties  opposite  to  those  of  acids  is 
known  as  a  base  or  an  alkali.  You 
are  familiar  with  a  base  in  the  form 
of  ammonia  water  or,  as  chemists 
call  it,  ammonium  hydroxide.  So¬ 
dium  hydroxide  is  another  common 
base  used  in  the  laboratory,  as  lye 
is  sometimes  used  in  the  kitchen 
sink.  Potash  lye,  or  potassium  hy¬ 
droxide,  is  still  another  common 
base.  The  fresh  mortar  between  the 
bricks  in  a  wall  contains  another 
base,  slaked  lime  or  calcium  hy¬ 
droxide.  Bases  are  called  hydrox¬ 
ides  because  they  contain  hydrogen 
and  oxygen  (OH). 

Bases  are  bitter  to  the  taste,  and 
they  feel  soapy  because  they  destroy 
the  outer  layer  of  the  skin.  Do  not 
handle  lye  or  other  strong  bases 
with  the  bare  hands,  and  do  not  try 
the  experiment  of  tasting  them. 
Bases  destroy  animal  fibers;  there¬ 
fore  blankets  or  other  articles  of 
wool  or  silk  should  not  be  washed  in 
water  containing  lye  or  other  strong 
bases. 

Neutralization.  Did  you  ever 

take  baking  soda  or  soda  mint  when 
your  stomach  was  not  feeling  right? 
It  sometimes  brings  quick  relief. 
Milk  of  magnesia  (magnesium  hy- 
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droxide)  acts  similarly.  The  glands 
of  the  stomach  manufacture  hydro¬ 
chloric  acid  to  assist  in  the  digestion 
of  food.  Sometimes  the  glands  get 
out  of  order  and  pour  in  too  much 
acid.  Soda  and  milk  of  magnesia 
destroy  the  excess  acid.  They  are 
used,  therefore,  for  a  tooth  wash  in 
“acid  mouths.” 

When  an  acid  and  a  base  are 
mixed,  heat  is  given  off  and  this 
heat  is  an  evidence  that  a  chemical 
change  has  occurred.  If  we  mix  an 
acid  and  a  base  in  just  the  right 
proportions,  we  find  that  neither 
acid  nor  base  is  left  over.  The  hy¬ 
drogen  of  the  acid  combines  with 
the  hydrogen  and  oxygen  of  the 
base  and  forms  water.  The  metal  of 
the  base  combines  with  the  other 
elements  of  the  acid  to  form  a  salt. 
Copper  sulfate  or  bluestone  is  a 
salt.  Common  table  salt  (sodium 
chloride)  is  another  illustration.  We 
call  the  combining  of  an  acid  and 
a  base  neutralization.  A  neutral  sub¬ 
stance  is  formed. 

A  word  of  caution  in  handling 
acids  and  bases.  You  would  no 
doubt  decide  if  you  spilled  acid  on 
your  hand  to  pour  on  a  base,  and 
if  you  spilled  a  base,  to  pour  on 
acid.  But  an  excess  of  either  poured 
on  will  burn,  for  both  acids  and 
bases  destroy  flesh.  The  best  thing 
to  do  is  to  hold  your  hand  immedi¬ 
ately  under  the  faucet  and  let  water 
run  on  it.  This  dilutes  and  washes 
off  the  substance.  If  neutralization 
is  attempted,  it  should  be  with  dilute 
solutions. 


It  is  said  that  the  poison  of  a  bee 
sting,  which  is  alkaline  (containing 
a  base),  may  be  neutralized  with 
vinegar  or  other  weak  acid.  Wasp 
stings  are  acid  and  may  be  relieved 
by  soda.  Generally,  however,  if  you 
grin  and  bear  it  until  you  find  the 
remedy  for  the  sting,  there  is  then 
no  need  to  use  it. 

Litmus,  the  detective.  A  certain 
lichen,  one  of  those  crusty  little 
gray  plants  you  sometimes  see 
growing  on  bare  rocks,  gives  a  blue 
dye  named  litmus.  Shake  up  two  or 
three  lumps  of  litmus  in  a  flask  of 
water.  The  litmus  will  dissolve  and 
you  will  obtain  a  blue  solution.  Put 
about  an  inch  of  this  in  each  of  sev¬ 
eral  test  tubes.  Add  to  one  test  tube 
a  drop  of  lemon  juice.  Shake,  and 
you  will  see  the  litmus  turn  red.  Re¬ 
peat  this,  using  various  other  acids, 
as  vinegar,  tomato  juice,  cranberry 
juice,  and  hydrochloric  acid.  In 
every  case  the  blue  dye  turns  red. 
This  gives  us  a  test  for  acids.  If  we 
wish  to  know  whether  an  unknown 
liquid  contains  an  acid,  add  a  drop 
of  the  liquid  to  a  little  litmus  and 
see  whether  the  litmus  turns  red. 

To  a  tumbler  of  blue  litmus  solu¬ 
tion,  add  just  enough  acid,  drop  by 
drop,  to  turn  it  red.  Pour  about  an 
inch  of  the  red  litmus  into  each  of 
several  test  tubes.  To  one  test  tube 
add  a  drop  of  ammonia  water  that 
you  know  to  be  a  base.  The  red  lit¬ 
mus  will  turn  blue.  To  the  other  test 
tubes  add  potassium  hydroxide,  so¬ 
dium  hydroxide,  or  any  other  base 
that  your  laboratory  affords.  In 
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every  case  you  will  see  that  the  red 
litmus  turns  blue.  Red  litmus  then 
gives  a  test  by  means  of  which  you 
can  detect  the  presence  of  a  base. 

Many  substances,  for  example, 
salt,  do  not  affect  either  red  or  blue 
litmus.  We  say  of  such  substances 
that  they  are  neutral . 

It  is  not  always  convenient  to  use 
litmus  in  solution.  Instead  we  pre¬ 
pare  strong  solutions  of  red  and 
blue  litmus  and  soak  filter  paper  in 
these  solutions.  On  drying  this 
paper,  we  have  litmus  paper.  This 
paper  is  used  to  detect  the  presence 
of  acids  and  bases.  Just  as  we  used 
the  solution,  with  red  and  blue  lit¬ 
mus  paper,  test  the  reaction ,  as  we 
call  it,  of  the  fruits  and  vegetables 
in  your  kitchen. 

It  is  possible  to  prepare  a  neutral 
violet  litmus.  This  will  turn  red 
with  acids  and  blue  with  bases. 
Practically,  we  do  not  use  it.  The  air 
of  the  laboratory  is  almost  always 
slightly  acid,  and  even  though  our 
paper  may  be  neutral  when  we  pre¬ 
pare  it,  it  is  usually  red  when  it  is 
dry.  Many  other  substances  may  be 
used  instead  of  litmus  as  indicators 
of  acidity.  Phenolphthalein,  often 
used  in  the  laboratory,  is  red  in  a 
basic  solution  and  colorless  in  an 
acid  solution. 

Marble,  a  salt.  Many  fine  Roman 
ruins  have  been  destroyed  by  peas¬ 
ants  of  later  centuries  who  carried 
away  the  marble  to  bum  for  lime.  In 
limestone  regions  of  our  country 
you  often  find  old  limekilns  where 
limestone  was  burned  with  wood  to 
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Limekilns  are  located  at  the  quarries 
so  that  cars  may  be  run  to  the  top  of 
the  kiln  and  the  limestone  may  be 
dumped  directly  into  it 


get  lime  to  spread  upon  “sour”  or 
acid  lands. 

You  can  easily  make  lime  from 
limestone  or  marble.  Both  are  cal¬ 
cium  carbonate,  a  salt  of  carbonic 
acid  with  the  metal  calcium.  If  you 
heat  the  limestone  or  marble,  a  gas 
is  driven  off.  If  you  let  this  gas  bub¬ 
ble  through  limewater,  the  lime- 
water  becomes  milky,  showing  that 
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The  mortar  between  the  bricks  is  really  man-made  limestone 


the  gas  carbon  dioxide  is  present. 
The  limestone  on  heating  crumbles 
to  a  fine  white  powder.  This  powder 
is  quicklime  (calcium  oxide).  If 
water  is  poured  on  quicklime,  it  be¬ 
comes  slaked  lime  (calcium  hy¬ 
droxide).  If  the  lime  dissolves  in 
the  water,  it  becomes  lime  water 
(also  calcium  hydroxide).  If  quick¬ 
lime  is  exposed  to  the  air,  it  absorbs 
water  and  carbon  dioxide,  and  be¬ 
comes  air-slaked  lime. 

Lime  mixed  with  sand  and  water 
forms  mortar.  In  making  lime,  the 
carbon  dioxide  was  driven  off  from 
the  limestone  (calcium  carbonate). 
When  mortar  is  made,  the  lime 
again  absorbs  carbon  dioxide  from 
the  air  and  forms  limestone.  Mortar 
that  has  hardened  is,  therefore, 
really  limestone.  The  shining  white 
plaster  on  the  wall  is  another  salt  of 


calcium,  called  plaster  of  Paris 
(calcium  sulfate). 

Salts  of  earth  and  ocean.  The 
ocean  is  salty  with  many  kinds  of 
salts  in  addition  to  table  salt.  The 
rocks  of  the  earth  contain  salts  of 
numerous  acids.  Acids  and  bases 
formed  in  rock  or  soil  are  certain 
to  neutralize  one  another  sooner  or 
later.  Soluble  salts  are  carried  away 
by  streams  to  the  ocean.  Through 
the  ages  as  water  evaporates  from  the 
oceans,  the  salts  are  left  behind. 
Therefore,  the  seawater  yields  sev¬ 
eral  kinds  of  salts  upon  evaporation. 
The  salt  lakes  are  salted  as  is  the 
sea.  They  are  without  outlets  and 
lose  water  only  by  evaporation. 
When  salt  lakes  dry  up  in  the  course 
of  ages,  they  leave  salt  plains  behind. 
Borax,  formerly  hauled  from  Death 

Valley,  California,  and  sodium 
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nitrate,  sent  as  fertilizer  from  the 
desert  of  Chile,  are  such  beds  of  salt. 
Potash  fertilizer  from  New  Mexico 
and  Germany  comes  from  beds  of 
potassium  salts.  Table  salt  is  pre¬ 
pared  in  some  parts  of  the  world  by 
evaporating  sea  water  as  shown  be¬ 
low.  In  New  York  State  water  is 
pumped  down  wells  to  beds  of  salt 
below  the  surface.  When  it  has  dis¬ 
solved  the  salt,  it  is  pumped  up  again 
and  evaporated. 

Chemical  shorthand.  Stenog¬ 
raphers  have  a  method  of  writing 
sentences  in  shorthand  that  saves 
much  time.  In  the  same  way,  chem¬ 
ists  have  agreed  upon  a  chemical 
code.  Instead  of  writing  “one  atom 
of  hydrogen,”  we  write  the  symbol 
H.  One  atom  of  oxygen  is  0. 

We  combine  these  symbols  in 
writing  molecules.  You  have  learned 


that  one  molecule  of  water  contains 
two  atoms  of  hydrogen  and  one 
atom  of  oxygen.  Instead  of  writing 
this  out,  it  is  much  more  simple  to 
write  H2O.  The  2  written  after  the 
H  shows  that  there  are  two  atoms  of 
hydrogen.  Sugar  is  C12  H22  On. 
This  means  that  one  molecule  of 
sugar  contains  12  atoms  of  carbon, 
22  atoms  of  hydrogen,  and  11 
atoms  of  oxygen.  If  we  wish  to  write 
4  molecules  of  sugar,  we  place  a  4 
in  front  of  the  formula  for  sugar, 
and  write  4  C12H22O11. 

Chemical  changes  are  easily  ex¬ 
pressed  by  writing  these  formulas. 
If  we  put  sodium  hydroxide  and  hy¬ 
drochloric  acid  together  in  proper 
proportions,  water  and  sodium 
chloride  (common  salt)  will  be 
formed.  How  much  simpler  it  is  to 
write : 


NaOH 

sodium  hydroxide 


+ 


HC1 

hydrochloric  acid 


H20  +  NaCL 

water  common  salt 


Sea  water  is  evaporated  to  obtain  salt.  Rock  salt  is  another  source  of  salt 
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The  names  of  compounds  tell  the 
chemists  something  of  their  compo¬ 
sition.  Thus  -ate  at  the  end  of  a  word 
denotes  oxygen;  -ite  denotes  less  ox¬ 
ygen.  Thus  sodium  sulfate  con¬ 
tains  sodium,  sulfur,  and  oxygen, 
and  sodium  sulfite  contains  the 
same  three  elements  with  less  oxy¬ 
gen.  The  suffix  - ide  tells  that  there 
are  two  substances  only  in  the  com¬ 
pound.  Thus  sodium  chloride  (com¬ 
mon  salt)  is  composed  of  sodium 
and  chlorine. 

Making  soap.  A  common  chem¬ 
ical  compound  is  soap.  This  is  made 
by  combining  soda  lye  (sodium  hy¬ 
droxide)  or  potash  lye  (potassium 
hydroxide)  with  a  fat.  The  result  is 
soap  and  glycerine.  In  colonial  days 
wood  ashes,  which  contain  potash, 
were  saved  from  the  fireplaces. 
From  this  potash  combined  with 
fats  the  housewife  made  her  own 
supply  of  soft  soap,  for  potash  soaps 
do  not  form  hard  cakes.  If  lye  and 
fat  are  mixed  in  just  the  right  pro¬ 
portions,  neither  will  be  left  over. 
If  we  use  too  much  lye,  the  excess 
lye  will  make  the  soap  very  hard  on 
our  hands.  If  we  use  too  much  fat, 
the  excess  fat  will  make  the  soap 
greasy.  The  manufacturers  rely 
upon  chemists  and  chemical  analysis 
to  tell  them  just  what  proportions 
should  be  used  to  obtain  a  perfect 
product.  Industrially,  the  fat  and 
the  lye  are  mixed  together  and 
heated  in  kettles  until  the  combina¬ 
tion  is  complete.  Dyes  and  per¬ 
fumes  are  often  added.  Then  salt  is 
added.  Soap  is  insoluble  in  salt  so¬ 


lution.  The  soap  rises  to  the  top  as 
a  soap  curd.  The  curd  is  taken  off, 
dried,  cut  up  into  cakes,  and  sold. 
Perfumes  or  substances  with  strong 
medicinal  odors,  such  as  carbolic 
acid,  are  sometimes  used  to  conceal 
the  odor  of  inferior  materials,  as 
well  as  for  the  legitimate  purpose 
of  making  the  soap  more  attractive 
or  giving  it  remedial  properties.  It 
is  doubtful,  however,  if  enough  an¬ 
tiseptic  solution  is  added  to  the  soap 
to  improve  the  mild  antiseptic 
quality  of  pure  soap. 

Washing  compounds.  Perhaps 
you  use  in  your  kitchen  some  of  the 
innumerable  washing  compounds 
that  are  on  the  market.  These  all 
have  the  property  of  cleaning  greasy 
pans  easily.  From  your  knowledge 
of  how  soap  is  made,  you  can  under¬ 
stand  why  they  act  in  this  way. 
They  are  not  pure  soap,  but  contain 
an  extra  amount  of  soda  lye  or 
washing  soda  which  is  a  similar 
compound.  When  you  put  some  into 
a  greasy  pan,  you  are  really  com¬ 
bining  the  fat  with  a  base  and  form¬ 
ing  additional  soap.  You  need  not 
buy  these  washing  compounds;  you 
can  make  a  very  satisfactory  one  at 
home.  Cut  a  cake  of  laundry  soap 
into  small  pieces.  Add  twice  as 
much  water  as  you  have  soap,  and 
heat.  The  mixture  on  cooling  will 
form  a  thick  soap  jelly.  This  soap 
jelly  can  be  used  instead  of  ordi¬ 
nary  soap.  If  while  it  is  heating  you 
add  J  as  much  washing  soda  (so¬ 
dium  carbonate)  as  you  have  soap 
and  then  cool,  you  will  have  a  wash- 


ing  compound.  Put  a  little  of  this 
into  a  greasy  frying  pan.  It  will 
clean  the  grease  out  and  save  scrub¬ 
bing  the  pan. 

Try  sometime  the  effect  of  add¬ 
ing  a  little  ammonia  water  to  the 
water  with  which  you  wash  your 
windows.  You  will  be  surprised  to 
see  how  bright  and  shining  the 
glass  will  become.  This  is  because 
you  are  combining  a  base  with  the 
oil  deposit  that  forms  on  the  win¬ 
dow,  leaving  the  glass  really  clean. 
The  disadvantage  of  all  such  wash¬ 
ing  compounds  is  that  they  are  very 
hard  on  the  hands.  They  take  the 
oil  from  the  skin,  leaving  it  dry  and 
likely  to  crack. 

How  things  change.  After  you 
have  worn  a  coat  for  a  while,  you 
notice  that  the  nap  has  worn  off, 
perhaps  a  button  is  loose,  the  thread 
is  worn,  and  the  lining  torn.  Every 
molecule  of  the  original  coat  may 
still  exist,  but  not  in  its  former  po¬ 
sition.  We  call  such  changes  as  these 
physical  changes .  When  you  break 
an  egg  and  beat  it,  you  have,  seem¬ 
ingly,  an  altogether  different  sub¬ 
stance.  There  certainly  is  no  physi¬ 
cal  similarity  between  the  beaten 
egg  and  the  egg  as  it  was  in  the 
shell.  Yet,  in  this  case,  also,  we  have 
a  physical  change.  Every  molecule 
of  the  original  egg  still  exists,  but 
the  positions  have  been  changed.  If 
you  break  a  match  stick  in  two,  you 
again  have  a  physical  change. 

When  you  burn  wood,  you  have  a 
change  of  a  different  kind.  The  wood 
no  longer  exists.  The  molecules  of 
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wood  have  been  destroyed.  They  are 
replaced  by  a  white  ash  and  invisi¬ 
ble  gas  that  has  floated  off  into  the 
air.  This  is  an  example  of  a  chemi¬ 
cal  change.  We  may  then  define  a 
physical  change  as  a  change  in 
which  no  new  molecules  are  formed, 
and  a  chemical  change  as  a  change 
in  which  new  molecules  are  formed. 

Tell  to  which  class  the  following 
belong:  the  rusting  of  iron,  the  bak¬ 
ing  of  bread,  the  boiling  of  water, 
the  rotting  of  wood,  the  burning  of 
a  match,  the  decay  of  leaves,  the 
rotting  of  an  apple. 

Experiment  40 

Question:  How  can  I  detect  an  acid? 

Materials:  Three  beakers;  hydro¬ 
chloric  acid;  tartaric  acid;  vinegar; 
strips  of  red  and  of  blue  litmus  paper; 
some  pieces  of  mossy  zinc. 
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Directions:  ( a )  Pour  about  15  cc. 
of  water  in  each  beaker.  Add  about  15 
cc.  of  dilute  hydrochloric  acid  to  one 
beaker,  of  tartaric  acid  to  the  second, 
and  of  vinegar  (acetic  acid)  to  the  third. 

(b)  Wet  the  tip  of  the  finger  in  each 
beaker  and  touch  it  to  the  tip  of  the 
tongue.  What  is  the  taste  of  each? 

(c)  Place  the  ends  of  blue  litmus  and 
of  the  red  litmus  in  each  beaker.  Note 
color  change. 

(d)  Place  a  piece  of  zinc  in  each 
beaker.  Note  what  occurs. 

Result:  Record  your  observations  in 
a  table. 

Conclusion:  Answer  the  question. 

Experiment  41 

Question:  How  can  I  detect  a  base? 

Materials:  Three  beakers;  a  piece  of 
potassium  hydroxide;  ammonia;  lime- 
water;  strips  of  red  and  blue  litmus  pa¬ 
per. 

Directions:  (a)  Pour  about  30  cc.  of 
water  into  each  beaker.  Add  to  one  a 
piece  of  potassium  hydroxide  about  \ 
inch  long;  to  a  second  20  cc.  of  am¬ 
monia;  to  the  third  20  cc.  of  limewater. 
Caution:  Do  not  touch  the  potassium 
hydroxide  stick  with  your  fingers.  Use 
forceps. 

( b )  Taste  each  with  the  tip  of  the 
finger. 

(c)  Rub  a  little  between  the  tip  of 
the  thumb  and  finger.  How  does  each 
feel? 

( d )  Test  each  with  the  end  of  a  strip 
of  red,  then  of  blue,  litmus  paper. 

Results:  Record  results  for  each  sub¬ 
stance  in  a  table  under  the  headings 
taste,  feel,  litmus  test. 

Conclusion:  Answer  question. 

Experiment  42 

Question:  How  can  I  neutralize  hy¬ 
drochloric  acid  and  how  can  I  deter¬ 
mine  what  is  formed? 


Materials:  Hydrochloric  acid;  sodium 
hydroxide;  litmus  paper;  2  medicine 
droppers;  glass  rod;  2  beakers;  evapor¬ 
ating  dish. 

Directions:  (a)  Medicine  droppers 
are  a  convenient  means  of  adding  small 
quantities  of  liquid  to  a  solution.  Meas¬ 
ure  out  1  cc.  of  acid  in  one  dropper  and 
paste  around  the  tube  a  small  piece  of 
red  paper  to  mark  the  quantity.  Do  the 
same  with  a  second  dropper,  using  blue 
paper  for  alkali  (base). 

(b)  Place  10  c.c.  of  dilute  hydro¬ 
chloric  acid  in  a  small  evaporating  dish 
and  add  a  piece  of  litmus  paper  half  an 
inch  square.  Add  sodium  hydroxide  so¬ 
lution  until,  after  vigorous  stirring  with 
your  glass  stirring  rod,  the  litmus  paper 
turns  blue.  This  shows  that  your  solu¬ 
tion  is  now  slightly  alkaline.  Add  acid, 
drop  by  drop,  until  the  litmus  turns 
slowly  red.  Your  solution  is  now  very 
faintly  acid.  The  addition  of  one  drop 
of  the  base  will  turn  the  litmus  to  a 
violet  color.  Put  fresh  pieces  of  both  red 
and  blue  litmus  into  the  solution.  If  you 
have  exactly  neutralized  it,  each  paper 
should  retain  its  color.  You  will  prob¬ 
ably  find  that  a  slow  change  in  color 
takes  place,  as  it  is  very  difficult,  with 
your  apparatus,  to  reach  an  exactly  neu¬ 
tral  point. 

(c)  Pour  into  one  large  beaker  all  of 
the  neutral  solutions  obtained  by  the 
members  of  the  class.  Filter,  evaporate, 
and  set  aside  to  crystallize.  The  next  day, 
examine  the  residue.  Taste  it,  and  you 
will  find  that  it  is  salt.  (After  tasting 
any  substance  in  the  laboratory,  always 
spit  out  the  tasted  substance,  for  you 
never  know  what  impurities  have  been 
introduced  into  the  solution.) 

Conclusion:  When  an  acid  and  a  base 
are  combined,  what  do  we  call  the  proc¬ 
ess?  What  new  substance  is  formed? 
What  is  meant  by  an  indicator? 

Practical  application:  Chemists  rely 
upon  indicators  to  determine  the  reac- 
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tions  of  substances.  Acids  and  bases  are 
bought  and  sold  at  prices  depending 
upon  the  real  amount  of  acid  or  base 
present,  which  can  be  determined  by 
neutralizing  the  substance.  The  chemist 
uses  an  indicator  to  determine  when 
neutralization  has  been  reached. 

Note:  Many  dyes  are  indicators. 
Bring  from  home  a  number  of  colored 
cloths.  Put  a  drop  of  acid  and  a  drop 
of  a  base  upon  these  cloth  materials. 
You  will  find  that  in  many  cases  the  dye 
used  is  an  indicator. 

Experiment  43  (Home) 

With  litmus  paper  test  the  reaction  of 
materials  found  in  your  kitchen — wash¬ 
ing  soda,  ammonia  water,  meat,  fruits, 
potato,  coffee,  etc. 

Record  your  results  in  the  table  below. 

Reaction 
(acid,  alkaline, 

Materials  Tested  or  neutral) 


What  is  the  general  reaction  of  meats? 

What  is  the  general  reaction  of  fruits? 

What  is  the  general  reaction  of  vege¬ 
tables?  . 

If  you  wish  to  do  so,  you  can  prepare 
your  own  indicator  by  boiling  a  few 
leaves  of  red  cabbage  in  a  small  quan¬ 
tity  of  water.  Use  the  colored  liquid  ob¬ 
tained.  If  you  do  this,  record  the  colors 
below: 

Red  cabbage  in  acid  solution  is . 

Red  cabbage  in  alkaline  solution  is  . . 
Red  cabbage  in  neutral  solution  is  .... 

Experiment  44  (Optional) 

Question:  How  can  I  make  lime  from 
limestone? 


Materials:  A  piece  of  limestone  about 
i  cm.  in  diameter;  strip  of  red  litmus 
paper;  piece  of  wire  about  6  inches 
long;  forceps;  ring  stand;  evaporating 
dish;  beaker;  Bunsen  burner;  6-inch 
test  tube;  glass  tubing. 

Directions:  (a)  Moisten  the  litmus 
paper  and  test  the  limestone. 

(b)  Twist  one  end  of  the  wire 
around  the  limestone,  and  support  it 
from  the  upper  ring  of  the  stand.  Place 
the  evaporating  dish  on  the  lower  ring 
about  2  inches  below  the  limestone. 
Heat  the  limestone  holding  the  Bunsen 
burner  in  the  hand.  Quicklime  (calcium 
oxide)  will  form. 

(c)  Place  the  crumbled  limestone  in 
the  evaporating  dish.  Add  water.  Lime- 
water  (calcium  hydroxide)  is  formed. 
Test  with  litmus  paper. 

(d)  Pour  the  limewater  into  a  test 
tube.  Blow  through  the  glass  tube  into 
the  test  tube  of  limewater.  Note  change. 

Results:  Record  the  results  in  each 
step  of  the  experiment. 

Conclusion:  Answer  the  question.  Is 
limestone  a  base?  Is  limewater  a  base? 

Experiment  45 

Question:  How  can  I  make  a  small 
quantity  of  soap? 

Materials:  A  fat  or  an  oil,  as  palm  or 
coconut  oil;  sodium  hydroxide  (lye) ; 
alcohol;  evaporating  dish;  desk  appa¬ 
ratus. 

Theory:  When  a  fat  and  sodium  hy¬ 
droxide  are  heated  together,  they  com¬ 
bine.  A  soap  is  formed  and  glycerine  is 
left.  This  action  is  slow  because  fats  do 
not  dissolve  in  water,  and  therefore  it  is 
difficult  to  mix  the  fat  and  the  lye.  To 
shorten  the  operation,  we  add  alcohol. 
Since  both  lye  and  fat  are  soluble  in  al¬ 
cohol,  it  is  now  possible  to  mix  them, 
and  the  chemical  change  goes  on  rap¬ 
idly.  Remember  that  the  alcohol  is  used 
in  this  experiment  only  as  a  solvent  to 
hasten  the  chemical  change.  Commer- 
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cially  it  is  not  used  because  of  the  ex¬ 
pense. 

Directions:  (a)  Place  in  a  small  evap¬ 
orating  dish  10  c.c.  of  sodium  hydroxide 
solution,  2  c.c.  of  any  fat  or  oil,  prefer¬ 
ably  coconut  oil,  and  5  c.c.  of  denatured 
alcohol.  Support  the  dish  on  your  ring 
stand.  Have  ready  a  square  of  asbestos 
that  will  completely  cover  the  evaporat¬ 
ing  dish.  Heat  the  dish  very  gently  over 
a  Bunsen  burner,  stirring  all  the  while 
with  a  wooden  splint.  It  usually  happens 
that  the  dish  is  heated  too  hot,  and  the 
alcohol  catches  fire.  If  this  happens,  re¬ 
move  the  burner  and  put  the  asbestos 
over  the  dish.  This  cuts  off  the  supply 
of  air  and  the  flame  goes  out.  Wait  un¬ 
til  the  dish  cools  and  then  start  heating 
again,  more  gently. 

( b )  When  the  mixture  has  become 
pasty,  turn  off  the  heat  and  examine  the 
mixture.  It  is  soap,  mixed  probably 
with  an  excess  of  lye  and  glycerine. 
Shake  a  little  in  a  test  tube  half  filled 
with  water.  It  will  lather,  showing  that 
it  is  soap.  Wash  your  hands,  using  a  lit¬ 
tle  of  the  soap  you  have  made.  If  you 
have  a  small  cut  on  your  hands,  it  will 
probably  sting.  This  shows  that  your 
soap  has  an  excess  of  lye  in  it.  Some¬ 
times  your  hands  will  feel  greasy  after 
you  have  washed  them.  This  shows  that 
your  soap  has  an  excess  of  fat.  Commer¬ 
cially,  the  quantities  of  fat  and  lye  used 
are  so  adjusted  that  when  the  action  is 
over,  neither  substance  is  left. 

Conclusion:  Answer  the  question. 

Practical  application:  Soap  is  made 
commercially  in  this  way,  except  that 
no  alcohol  is  used. 


Experiment  46 

Question:  How  can  I  make  a  wash¬ 
ing  compound? 

Materials:  Washing  soda  (sodium 
carbonate)  ;  soap. 

Directions:  Cut  a  small  cake  of  any 
pure  soap  into  small  pieces.  Place  the 
pieces  of  soap  in  a  pan  with  a  pint  of 
water.  Heat,  stirring  constantly  to  pre¬ 
vent  burning,  until  the  soap  has  dis¬ 
solved.  Add  a  tablespoonful  of  washing 
soda.  Stir  until  you  have  a  uniform  mix¬ 
ture.  Place  this  in  a  pint  fruit  jar.  As  it 
cools,  it  will  form  a  thick  jelly. 

The  next  time  your  mother  has  a 
greasy  pan  to  clean,  place  a  tablespoon¬ 
ful  of  the  jelly  in  the  pan,  add  three 
times  the  quantity  of  hot  water,  and 
scrub  the  pan,  using  a  brush.  You  will 
find  that  the  grease  is  quickly  “cut”; 
that  is,  it  will  combine  with  the  wash¬ 
ing  soda  to  form  a  soap,  and  the  pan 
will  be  washed  clean. 

Conclusion:  1.  Why  was  the  washing 
soda  added?  2.  Answer  the  question. 

Note:  Washing  soda  is  hard  on  your 
hands.  Therefore,  do  not  keep  your 
hands  in  this  washing  compound  longer 
than  necessary. 

You  may  also  clean  your  greasy  pans 
by  using  ammonia.  Ammonia  is  an  al¬ 
kali  similar  in  its  chemical  action  to 
sodium  hydroxide.  Add  a  small  quan¬ 
tity  of  ammonia  to  the  water  in  which 
you  are  washing  the  pans.  The  am¬ 
monia  combines  with  some  of  the  fat  to 
form  a  soap,  and  assists  in  forming  an 
emulsion  with  the  remaining  fat.  You 
will  find  that  the  addition  of  the  am¬ 
monia  has  lightened  your  work. 


Chapter  Twelve 

Things  the  Chemist  Has  Done  for  Us 


Plastics.  You  have  seen  brilliant 
little  bits  of  jewelry,  great  buckles, 
and  other  gadgets  resembling  coral, 
onyx,  or  jade,  and  others  resembling 
nothing  ever  seen  in  nature.  You 
have  seen  cups  made  of  green, 
brown,  red,  and  yellow  materials, 
the  like  of  which  your  mothers 
never  drank  from  at  your  age.  Look 
at  the  telephone  instrument  made  all 
in  one  piece.  Much  of  the  covering 
of  automobile  seats  and  that  of  rail¬ 
way  cars  is  made  of  something  that 
is  not  cloth  or  leather  or  rubber  or 
cane  or  straw.  Many  chairs,  tables, 
and  other  furniture  are  neither  metal 
nor  wood.  You  may  see  table  tops 
like  brilliant  marble  that  do  not  scar 
in  public  use.  Safety  glass  and  steer¬ 
ing  wheels  in  automobiles;  enclos¬ 
ures  for  pilots  in  military  airplanes; 
canteens  and  tanks;  containers  for 
medicines;  plates  for  false  teeth; 
thimbles,  knitting  needles,  and  door¬ 
knobs;  shades  for  lights;  brushes, 
tubing,  and  fountain  pens;  sweaters, 
scarfs,  party  dresses,  and  raincoats 
— these  are  some  of  the  things  made 
from  plastics. 

What  are  plastics?  Plastics  are 
materials  that  can  be  shaped  or 
molded.  They  are  made  by  the  chem¬ 
ist  from  many  common  items,  such 
as  air,  water,  coal,  salt,  and  lime¬ 
stone.  From  these  raw  materials,  a 
number  of  different  substances  are 


formed  that  can  be  molded  in  several 
different  ways.  Some  of  these  sub¬ 
stances  are  softened  by  heat  and 
harden  upon  cooling.  While  hot  they 
are  given  the  desired  shape  in  molds. 
They  may  be  reheated  and  softened 
again.  These  materials  are  called 
thermoplastics  (heat  plastics).  A 
second  type  of  plastics  can  be  soft¬ 
ened  by  heat  and  molded,  but  on  con¬ 
tinued  heating,  they  set  and  cannot 
again  be  softened.  These  are  the 
heat-setting  resins. 

The  chemist  says  that  in  the  mak¬ 
ing  of  plastics,  “polymeres”  are 
formed,  long  chains  of  giant  mole¬ 
cules  from  the  simpler  molecules  of 
the  raw  materials.  He  speaks  of  the 
process  as  “polymerization.”  (You 
need  not  remember  these  words  at 
present. ) 

Bakelite.  The  cabinet  of  your 
radio  and  the  telephone  in  your 
home  may  be  bakelite.  The  in¬ 
sulating  blocks  in  much  electric 
equipment,  the  hardware  about  an 
automobile,  and  most  cameras  and 
doorknobs  are  bakelite.  This  plastic 
is  named  for  its  discoverer,  Dr.  L.  K. 
Baekeland.  It  is  made  from  carbolic 
acid  (phenol)  and  formaldehyde. 
Both  of  these  substances  have  long 
been  known  as  antiseptics  which  kill 
bacteria.  Now  they  are  the  starting 
points  for  a  long  series  of  chemical 
products.  Heated  together  they  form 
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a  new  substance  that  is  forced  into 
shape  in  a  mold.  Continued  heating 
sets  it  permanently.  Bakelite  is  also 
used  in  making  types  of  laminated 
wood.  Layers  of  wood  soaked  in  the 
liquid  are  molded  into  shape  for 
airplanes  and  boats. 

Cellulose  plastics.  Cellophane, 
the  transparent  sheets  in  which 
lettuce  and  other  vegetables  are 
wrapped  in  the  city  stores,  is  a  dif¬ 
ferent  type  of  plastic.  Cellophane  is 
made  by  dissolving  cotton,  wood,  or 
sawdust  in  caustic  soda  and  carbon 
disulphide.  The  syrupy  liquid  is 
forced  through  a  narrow  slit  into  an 
acid  bath  which  hardens  it.  Pyralin 
is  made  in  a  somewhat  similar  man¬ 
ner.  It  is  dangerous  because  it  is 
very  inflammable.  Rayon  is  cellu¬ 
lose  acetate  made  by  dissolving  cel¬ 
lulose,  the  material  of  cotton  and 
wood,  in  an  acetic  acid  mixture.  We 
shall  learn  more  about  rayon  and 
the  famous  nylon  when  we  study 
Clothes  Made  by  the  Chemist  in  a 
later  chapter. 

Lucite,  or  plexiglas,  fastened  to  a 
flashlight  or  lamp  enables  the  doctor 
to  look  down  your  throat.  The 
curved  rod  of  lucite  leads  the  light 
as  through  a  pipe.  Lucite  is  used  also 
for  lenses  that  will  not  break  read¬ 
ily  and  for  windshields  in  airplanes. 
It  is  made  from  petroleum. 

Vinyl  'resins.  “Glass”  belts  and 
suspenders,  raincoats,  umbrellas, 
shower  curtains,  and  insulation  for 
electric  wires  are  of  vinylite  or 
vinyl  resins,  made  from  coal,  nat¬ 
ural  gas,  air,  and  water.  Coated  on 


metal  discs  it  forms  phonograph 
records. 

Vinyl  resins  have  found  real  use¬ 
fulness  in  the  complicated  process 
of  making  safety  glass.  This  type  of 
glass,  used  in  automobile  wind¬ 
shields  and  windows,  does  not  shat¬ 
ter  when  broken.  Two  sheets  of  glass 
are  made  into  a  sandwich  with  the 
plastic  firmly  bonded  between  them. 

Glass.  The  prehistoric  art  of  glass 
making,  dating  from  ancient  Egypt, 
has  had  a  new  birth  through  chemis¬ 
try.  Sand,  soda,  and  limestone  are 
the  basic  materials.  Other  materials 
replace  some  of  these  or  are  added  to 
make  glass  for  special  uses.  Lead  is 
used  in  electric  light  bulbs  and  heavy 
cut  glass  dishes,  potassium  for  the 
lenses  of  fine  optical  instruments, 
aluminum  in  cooking  ware,  cobalt 
for  blue,  chromium  for  yellow-green, 
gold  for  ruby,  selenium  for  tail- 
lights  of  automobiles.  Glass  bricks 
and  plate  glass  wall,  glass  pipe,  glass 
tanks,  and  even  glass  chairs  are 
found  in  modem  homes.  Foam  glass 
filled  with  minute  bubbles  floats  life 
rafts  and  buoys.  Fiber  glass  insu¬ 
lates  refrigerators  and  other  electric 
appliances,  and  is  used  in  sound¬ 
proof  walls. 

Synthetic  rubber.  In  1941  the 
Japanese  bombed  Pearl  Harbor  and 
invaded  the  East  Indies,  closing  off 
our  rubber  supplies.  Rubber  is  a 
necessity  in  present-day  warfare  as 
well  as  in  peace-time  civilization. 
When  the  Japanese  shut  off  our 
supply  of  natural  rubber,  our  chem¬ 
ists  were  ready  for  the  production 
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of  synthetic  rubber  on  a  large  scale. 
Synthetic  rubber  is  rubber  put 
together  chemically  from  simpler 
substances.  Two  types  of  synthetic 
rubber  are  made  in  large  quantities 
— neoprene  and  buna  S.  The  raw 
materials  for  neoprene  are  coal, 
limestone,  salt,  and  water.  From 
these  is  made  acetylene,  the  gas 
used  by  welders  in  their  torches. 
Acetylene  in  turn  is  the  starting 
point  for  neoprene.  Synthetic  rubber 
is  resistent  to  oil  and  gasoline,  which 
quickly  destroy  natural  rubber.  The 
hoses  on  gas  pumps  at  filling  stations 
are  made  of  neoprene.  It  is  used  for 
lining  steel  tank  cars  which  carry 
acids  and  other  corrosive  substances, 
and  for  lining  gas  tanks.  In  the  pro¬ 
duction  of  buna  S,  the  raw  materials 
are  petroleum  or  coal  and  grain 
alcohol.  Thousands  of  tires  a  day 
are  made  of  buna  rubber. 

Dyes.  Before  World  War  I  our 
supply  of  dyes  came  from  Germany. 
With  the  war,  our  supply  stopped 
abruptly.  Then  our  chemists  went 
into  action.  They  produced  a  vast 
new  industry.  In  World  War  II  the 
great  dye  industry  in  America  sup¬ 
plied  our  needs. 

The  lucite  bar  conducts  light  “around 
a  corner”  in  this  modern  tongue  de¬ 
pressor 
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Dyes  are  very  ancient.  Our  In¬ 
dians  used  minerals  chiefly  for 
colors.  Ancient  peoples  of  Asia  ex¬ 
tracted  a  blue  dye  from  the  plant 
indigo  while  early  Mediterranean 
people  made  “royal  purple”  from  a 
little  snail  of  the  sea.  Most  modern 
dyes  are  aniline  dyes  made  from 
coal  tar  which  in  turn  is  made  from 
soft  coal.  The  first  of  these  synthetic 
dyes  was  indigo,  not  a  substitute,  but 
the  same  chemical  substance  as  that 
obtained  from  the  plant.  From  that 
beginning  the  chemistry  of  dyes  in¬ 
creased  rapidly.  Royal  purple,  the 
color  of  the  king’s  robes  in  the  an¬ 
cient  world,  is  now  made  so  cheaply 
that  few  people  care  for  it.  Instead 
of  the  few  colors  of  the  old  world, 
now  almost  any  color  seen  in  nature, 
or  in  a  dream,  can  be  developed  by 
the  chemist. 

Petroleum.  Oil  as  it  is  pumped 
from  the  ground  is  not  a  simple  sub¬ 
stance,  but  a  great  mixture  from 
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which  the  chemist  and  the  engineer 
obtain  a  large  number  of  products, 
and  from  these  many  others  in  turn 
are  manufactured.  Petroleum  is 
chiefly  a  mixture  of  hydrocarbons, 
compounds  composed  of  hydrogen 
and  carbon.  Each  of  these  hydro¬ 
carbons  has  a  definite  boiling  point. 
To  separate  them,  oil  is  distilled  in 
huge  stills.  The  lightest  compounds 
boil  off  at  the  lowest  temperatures. 
Some  of  the  first  to  come  off  are 
compressed  in  tanks  and  sold  as 
“bottled  gas,”  for  use  in  homes 
where  there  is  no  manufactured  or 
natural  gas  piped  in.  Benzine,  naph¬ 
tha,  and  gasoline  pass  off  at  lower 
temperatures  and  are  condensed 
again  to  liquids.  Kerosene,  fuel  oil, 
lubricating  oils,  vaseline,  and  par¬ 
affin  follow  in  order  as  the  tempera¬ 
ture  rises,  each  oil  heavier  than  the 
preceding.  After  all  the  volatile 
substances  are  driven  off,  petroleum 
coke  remains.  This  residue  is  used 
for  fuel  and  for  manufacture  of 
carbon  articles  such  as  the  electrodes 
for  electric  batteries. 

Gasoline  is  the  most  valuable  of 
the  petroleum  products  today.  So 
great  is  the  demand  that  the  chemist 
has  thought  of  ways  to  procure  more 
gasoline  from  the  oil,  and  has  tested 
them  out  in  the  laboratory.  Then  the 
engineer  has  applied  them  prac¬ 
tically.  Kerosene  and  fuel  oils  are 
composed  of  longer  chains  of  mole¬ 
cules  than  is  gasoline.  These  heavier 
oils  are  “cracked”  by  distilling  them 
under  high  pressure,  breaking  up 
the  larger  molecules  to  form  gaso¬ 


line.  In  another  process,  a  whirl  of 
dust  is  mixed  with  the  vapors.  This 
dust  is  a  catalyst,  a  substance  that 
aids  in  a  chemical  reaction.  Hence 
these  refineries  are  called  “cat 
crackers.”  The  greater  part  of  avia¬ 
tion  gasoline  is  made  by  this  cataly¬ 
tic  process.  These  aviation  gasolines 
are  mixed  with  lower  grades  for  use 
in  automobiles,  because  the  present 
automobile  engines  do  not  work 
properly  with  pure  aviation  gasoline. 

Anti-knock  gasoline  is  another 
triumph  of  the  chemist.  When  gaso¬ 
line  vapor  is  compressed  too  much 
in  our  present  high-compression  en¬ 
gines,  it  may  explode  too  soon  and 
cause  knocking  and  over-heating. 
“Ethyl  gas,”  or  leaded  gas,  was  de¬ 
signed  to  prevent  this  knocking. 
Ethyl  fluid  is  a  mixture  of  tetraethyl 
lead  and  ethyl  bromide.  Tetraethyl 
lead  slows  the  rate  of  burning  of  the 
gasoline  vapor,  and  ethyl  bromide 
helps  to  remove  the  lead  from  the 
engine. 

Some  paint  chemistry.  Paint  is 
an  oil  to  which  is  added  a  pigment 
or  coloring  matter,  then  a  “thinner” 
and  a  “drier.”  The  chief  pigment 
is  white  lead  (lead  carbonate)  made 
by  the  action  of  acetic  acid  on  lead. 
Other  white  pigments  may  be  added 
or  may  replace  lead,  for  example, 
zinc  oxide  or  titanium  oxide.  To  se¬ 
cure  paints  of  other  colors  other  pig¬ 
ments  are  added.  Browns,  yellows, 
and  reds  are  often  “earth  pigments,” 
or  minerals,  chiefly  iron.  Black 
paints  are  colored  with  carbon. 
Other  colors  such  as  blues,  greens, 
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Note  the  deterioration  of  wood  and  rusting  around  nails  of  the  unpainted  sid¬ 
ing  as  compared  with  the  well  painted  siding 


and  reds  are  produced  by  the  chem¬ 
ist.  Often  “extenders,”  chalk,  silica, 
and  marble  dust,  are  added  to  in¬ 
cease  the  quantity  cheaply.  They  are 
adulterants,  although  in  some  in¬ 
stances  it  is  claimed  that  they  in¬ 
crease  the  life  of  the  paint. 

The  best  oil  is  linseed  oil  ex¬ 
tracted  from  the  seed  of  flax.  It  oxi¬ 
dizes  or  “dries”  to  a  hard  resistent 
surface.  In  cheap  paints  fish  oil  is 
often  added  to  the  linseed  oil.  The 
oil  in  paint  is  a  vehicle  to  carry  the 
pigment,  and  with  oxidation  it  fur¬ 
nishes  the  protective  surface. 

The  thinner  added  to  the  oil  makes 
it  flow  more  easily.  Turpentine  is 
the  most  common.  Driers  increase 
the  rapidity  of  drying  and  help  in 
producing  the  hard,  resistent  sur¬ 
face.  They  are  produced  by  heating 
certain  minerals  (lead,  manganese, 
or  cobalt)  in  oil  and  rosin  and  then 
dissolving  in  turpentine,  benzene,  or 


other  solvents.  Oil  varnishes  are 
made  by  heating  gums  and  resins  in 
oil,  with  turpentine  added  to  make 
it  flow  freely. 

Shellac  is  a  hard  resinous  sub¬ 
stance  obtained  from  scale  insects 
usually  found  in  northern  India. 
This  substance  is  dissolved  in  alco¬ 
hol  or  wood  alcohol.  When  applied 
to  the  surface  of  wood,  the  alcohol 
dries  rapidly  leaving  the  resin  as 
a  hard,  glistening  protective  coat. 
Wood  enamels  are  varnishes  with  a 
pigment  added. 

Lacquers  are  made  by  dissolving 
cellulose,  the  substance  of  cotton  but 
often  obtained  from  wood,  in  acetic 
acid  mixture,  thus  producing  cel¬ 
lulose  acetate.  The  cellulose  ace¬ 
tate,  as  in  the  manufacture  of  rayon, 
is  dissolved  in  banana  oil,  which  is 
made  by  the  chemist  and  has  only  the 
odor  of  bananas.  Lacquers  give  a 
smoother,  brighter  color  than  paint. 
105 
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They  must  be  sprayed  or  “flowed 
on”  with  a  brush.  Automobiles  are 
thus  given  their  various  coats,  dyes 
added  to  the  lacquer  give  the  color 
desired. 

Chemist  against  insect.  News¬ 
papers  and  radio  proclaimed  the 
marvels  of  DDT,  the  insect-killer, 
that  probably  has  saved  millions  of 
people  from  death  of  typhus  fever, 
malaria,  and  other  diseases  carried 
by  insects.  This  compound,  DDT, 
with  a  long  chemical  name,  was 
planned,  made,  and  tested  by  the 
chemists  aided  by  the  biologists. 
One  application  in  the  clothing  kills 
lice,  carriers  of  deadly  typhus,  and 
makes  the  clothing  louseproof  for 
several  weeks  in  spite  of  washing. 
DDT  kills  many  kinds  of  insects,  but 
not  all.  It  is  effective  against  mos¬ 
quitoes,  carriers  of  malaria  and 
other  diseases  which  lurked  about 
our  soldiers  and  sailors  in  tropical 
islands.  It  was  sprayed  from  air¬ 
planes  to  protect  our  troops  landing 
on  the  shores  of  the  South  Pacific. 
“Aersol  bombs”  contain  DDT  and 
the  volatile  liquid  Freon  under  pres¬ 
sure.  Freon  was  also  planned  and 
synthesized  by  chemists.  When 
valves  in  these  bombs  are  opened, 
the  gas  and  insecticide  (insect- 
killer)  flood  a  tent,  a  building,  or  a 
ship,  penetrating  all  corners  and 
killing  hidden  insects  as  well  as 
those  on  wing. 

One  sportsman,  on  hearing  of  the 
marvelous  new  insect-killer,  sought 
immediately  to  raise  funds  to  spray 
his  section  of  the  country  by  air¬ 


plane.  But  experiments  showed  that 
when  it  fell  in  the  waters  it  also 
killed  the  fish  that  he  wanted  to 
catch.  It  kills  helpful  insects  as  well, 
including  bees  and  other  insects  that 
pollinate  the  flowers  of  fruit  trees, 
bushes,  vines,  and  many  crops.  If  it 
killed  all  insects,  we  would  lose  a 
large  part  of  our  food  crop.  Science 
has  made  marvelous  discoveries,  but 
a  little  knowledge  of  it  may  be  dan¬ 
gerous  if  the  directions  of  scientists 
are  not  learned  and  followed.  Many 
other  insecticides  are  manufactured 
under  the  guidance  of  the  chemist. 
Compounds  of  arsenic,  a  deadly 
poison,  are  widely  used  to  protect 
our  crops.  Lead  arsenate  is  sprayed 
on  the  blossoms  of  fruit  trees  as  the 
petals  fall  from  the  flowers,  to  kill 
insects  that  would  ruin  the  fruit. 
Calcium  arsenate  is  sprayed  from 
airplanes  to  protect  cotton  fields 
from  the  destructive  boll  weevil. 
Sulfur  and  lime  compounds  are 
sprayed  on  fruit  trees  at  the  end  of 
winter  to  kill  scale  insects  that  would 
definitely  stop  a  paying  crop.  Bor¬ 
deaux  mixture,  containing  copper 
and  lime,  protects  grapes  from  in¬ 
sects  and  fungus  diseases.  Arsenic 
and  Bordeaux  mixtures  protect  our 
potato  plants  from  fungus  and  in¬ 
sects. 

Our  common  flysprays  that  some 
use  so  freely  about  the  house  are 
usually  kerosene  mixed  with  either 
pyrethrum  or  rotenone.  Both  of  these 
are  plant  extracts,  pyrethrum  from 
the  flowers  of  a  plant  grown  chiefly 
in  the  Far  East  and  rotenone  from 
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roots  of  several  plants  also  usually 
in  the  Far  East.  Pyrethrum  was  sup¬ 
plied  to  our  troops  in  North  Africa 
to  protect  them  from  lice  and  typhus 
fever. 

Have  you  ever  smeared  yourself 
with  citronella  or  other  ointments  for 
protection  from  mosquitoes  and 
black  flies?  These  repellents  keep 
off  the  pests  fairly  well,  but  to  be 
effective  they  must  be  reapplied  at 
short  intervals.  During  World  War 
II  it  was  very  important  to  keep  the 
insects  off  the  troops,  for  in  many 
a  war  the  insect-borne  diseases  have 
killed  more  men  than  have  the  bul¬ 
lets  of  the  enemy.  Our  chemists 
synthesized  many  repellents  and 
tried  them  out  by  smearing  the 
clothing  and  skin  of  the  men  in  the 
tropics  and  in  the  northland.  Several 
were  found  that  kept  insects  off  for 
several  hours  after  one  application. 

You  no  doubt  have  protected  cloth¬ 
ing  against  moths  with  “camphor,” 
but  probably  the  substance  so  called 
was  not  camphor  at  all.  True  cam¬ 
phor  came  from  the  trees  found  on 
Formosa,  but  not  during  the  war. 
Long  before  the  war,  however,  our 
chemists  had  made  true  camphor  in 
the  laboratory.  Common  moth  balls 
and  moth  flakes  are  naphthalene, 
a  substance  made  from  coal  tar. 
Naphthalene  is  a  valuable  substance 
for  production  of  many  things  used 
in  industry.  It  was  so  important  in 
wartime  manufacture  that  little  was 
left  for  protection  of  civilian  clothes. 
“Dichloricide”  is  another  valuable 
product  of  the  chemical  laboratory 


that  replaces  native  camphor  and  ef¬ 
fectively  destroys  the  larvae  or 
young  moths  that  eat  our  clothing 
when  it  is  stored  away. 

Chemical  war  on  weeds.  Did 
you  read  of  2,4-D  (or  if  you  prefer, 
2,4-dichloro-pheno-oxyacetic  acid)  ? 
You  dust  it  or  spray  it  on  your  lawn, 
and  soon  the  weeds  are  gone.  Strange 
to  say,  it  stimulates  their  growth. 
They  grow  into  great  swollen  masses, 
great  tumors,  that  break  up  the  in¬ 
ternal  structure  of  the  plants  and  kill 
them.  The  broad-leafed  plants  on 
the  lawn,  such  as  dandelions,  are 
killed.  Most  grasses  escape,  but  not 
all.  Growers  of  grain  and  sugar  cane, 
both  of  which  are  grasses,  found 
that  they  could  destroy  the  weeds 
and  even  their  seeds  in  the  soil  by 
dusting  or  spraying  when  the  soil  lay 
bare  without  crops.  In  a  few  weeks 
the  2,4-D  disappeared  from  the  soil 
before  the  next  planting.  But  do  not 
try  to  avoid  the  task  of  weeding  your 
garden  by  spraying  it  among  the 
flowers  or  vegetables.  Even  the  dust 
or  fine  spray  of  this  weed  killer 
drifting  on  the  wind  is  deadly  to 
flowers  and  fruit. 

Ammonium  sulfamate  is  another 
weed  killer.  Oil  and  sodium  chlorate, 
a  dangerous  compound  used  in  fire¬ 
works,  has  been  used.  One  caution  is 
always  necessary  in  use  of  chemical 
reagents:  use  your  head  with  them; 
often  they  are  dangerous.  The  ex¬ 
perts  work  out  methods  for  their  use. 
Learn  what  they  have  to  say.  The 
safest  way  to  rid  your  garden  of 
weeds  is  still  to  pull  them. 
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Food  for  plants.  Food  for  plants 
is  expensive  and  hard  to  get  if  a 
nation  does  not  have  good  deposits 
of  certain  elements  and  compounds 
in  the  rocks  and  a  good  supply  of 
chemists.  Plants  need  a  great  variety 
of  chemical  elements,  but  three  espe¬ 
cially  cause  great  concern — potas¬ 
sium  (potash),  phosphorous,  and 
nitrogen.  They  are  expensive.  Four- 
fifths  of  the  air  is  nitrogen,  but  few 
plants  and  none  of  our  crop  plants 
can  take  it  out.  We  formerly  de¬ 
pended  on  three  sources  of  nitrogen : 
bacteria  that  grow  in  the  roots  of 
clover  and  alfalfa;  barnyard  ma¬ 
nure;  and,  most  important,  deposits 
in  the  deserts  of  northern  Chile.  In 
World  War  I  the  demand  for  ships 
to  move  troops  and  their  supplies, 
and  the  raids  of  the  German  ships 
upon  ours  checked  the  chief  supply 
of  nitrogen  for  our  farms  and  war 
industries.  The  Germans  had  pre¬ 
pared  for  this  danger  to  their  supply 
of  nitrogen  by  taking  it  from  the 
air  for  their  explosives  and  ferti¬ 
lizers.  Our  own  chemists  and  engin¬ 
eers  were  suddenly  called  upon  to 
supply  nitrogen.  When  we  entered 
World  War  II,  we  did  not  have  to 
worry  about  our  supply,  since  we, 
too,  were  taking  it  from  the  air. 

When  nitrogen  from  the  air  is 
mixed  with  hydrogen  under  high 
pressure  and  heat,  ammonia  is 
formed.  The  heat  is  obtained  from 
electric  current,  so  that  water  power 
is  essential  in  extracting  nitrogen. 
Sulfuric  acid  then  unites  with 
ammonia  to  form  ammonium  sul¬ 


fate,  which  is  mixed  into  the  fertil¬ 
izer.  Another  method  is  by  passing 
nitrogen  of  the  air  over  heated  cal¬ 
cium  carbide  forming  calcium  cyan¬ 
ide  which  is  mixed  in  the  fertilizer. 

Potassium  or  potash  was  formerly 
imported  from  a  great  bed  of  rock  in 
Germany,  but  World  War  I  stopped 
the  importation,  and  fertilizer  would 
have  been  unobtainable  if  our  chem¬ 
ists  and  geologists  had  not  solved 
the  problem.  Great  deposits  in  Texas 
and  New  Mexico  and  the  methods 
worked  out  by  our  chemists  make 
us  independent  of  foreign  supply. 

Phosphate  was  once  directly  ob¬ 
tained  from  bones,  but  while  you 
might  find  sufficient  bone  meal  for 
your  garden,  a  supply  sufficient  for 
a  farm  would  be  unobtainable.  In 
Florida,  Tennessee,  and  Montana 
are  huge  deposits  of  phosphate. 
Some  of  these  deposits  are  the  grave¬ 
yards  of  prehistoric  animals  turned 
to  rock.  In  North  Africa  bitter  fight¬ 
ing  captured  the  phosphate  mines 
that  were  supplying  the  Germans 
not  only  with  their  farm  fertilizer, 
but  with  phosphorus  for  fire  bombs 
and  smoke  screens  to  hide  vessels 
and  troops. 

Our  chemists  and  biologists  have 
worked  out  the  needs  for  fertilizers 
of  each  kind  of  crop  and  of  each  type 
of  soil.  Often  the  soils  of  a  farm 
are  analyzed  by  the  chemist  to  learn 
what  elements  they  lack  and  what 
should  be  added  in  fertilizers. 

When  our  troops  needed  fresh 
vegetables  in  the  islands  of  the  At¬ 
lantic  and  the  Pacific  and  in  Japan, 
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army  scientists  adopted  the  labora¬ 
tory  methods  long  used  by  biologists. 
They  grew  plants  without  soil,  al¬ 
lowing  their  roots  to  extend  into 
water  containing  all  the  necessary 
chemical  compounds.  (This  water 
culture  is  called  hydroponics.)  To¬ 
matoes,  cucumbers,  beans,  and  many 
other  plants  can  be  grown  this  way. 

Chemistry  of  our  food.  To  the 
chemist  and  biologist  working  to¬ 
gether  we  owe  an  understanding  of 
our  food.  Without  a  general  idea  of 
its  chemistry,  or  composition,  we  are 
in  danger  of  ill-health,  crippling  dis¬ 
eases,  and  death.  In  various  parts  of 
the  United  States  people  are  suf¬ 
fering  from  deficiency  diseases  be¬ 
cause  they  are  not  acquainted  with 
the  observations  of  scientists  who 
have  studied  foods  and  their  uses 
inside  our  bodies.  You  have  heard 
of  proteins,  fats,  carbohydrates,  and 
vitamins.  We  shall  study  them  in  our 
chapters  on  foods  to  learn  upon  what 
a  balanced  diet  is  based. 

One  of  the  great  triumphs  of 
chemistry  has  been  the  understand¬ 
ing  of  vitamins,  those  magical  sub¬ 
stances  so  much  advertised  over  the 
radio,  in  newspapers  and  in  store 
windows,  on  food  packages  and  on 
medicine  bottles.  The  biologist  found 
that  foods  contained  certain  sub¬ 
stances  which  they  named  vitamins, 
and  that  sickness  and  death  struck 
experimental  animals  just  as  it  did 
human  beings  when  their  diet  did  not 
contain  them.  The  chemist  then  set 
to  work  to  extract  the  chemical  sub¬ 
stances  in  pure  crystalline  form.  All 


the  common  vitamins  have  been  ex¬ 
tracted  in  pure  form,  and  all  have 
been  synthesized  except  the  valuable 
vitamin  D.  Even  D  has  been  made 
from  certain  fatty  substances  by 
irradiating  with  rays  from  special 
lamps.  We  shall  study  rays  later. 
Perhaps  we  can  secure  all  the  vita¬ 
mins  we  need  by  a  wise  selection  of 
natural  food,  if  it  is  obtainable,  but 
“drug  store  vitamins”  have  proved 
very  valuable  to  the  doctor  in  treat¬ 
ing  patients  who  need  them. 

Chemical  messengers  in  the 
body.  Did  you  ever  hear  of  a 
man  brought  back  from  death  after 
the  heart  stopped  beating?  Hearts 
have  been  started  again  when  they 
stopped,  perhaps  on  the  operating 
table.  The  doctor  seized  a  syringe 
that  is  always  at  hand  filled  with 
adrenalin,  and  injected  this  sub¬ 
stance  right  into  the  heart.  Instantly 
the  heart  started  beating  again.  Ad¬ 
renalin  is  a  substance  produced  in 
the  adrenalin  glands,  small  glands 
on  top  of  the  kidneys.  The  chemist 
has  extracted  from  the  glands  this 
valuable  substance  in  the  form  of 
pure  crystals  and  has  then  syn¬ 
thesized  it,  producing  the  same  sub¬ 
stance  that  nature  manufactures  in 
the  glands. 

Misshapen  dwarfs  were  once  com¬ 
mon  in  certain  parts  of  the  earth  and 
appeared  occasionally  in  all  coun¬ 
tries.  Infants  appearing  normal  de¬ 
veloped  into  these  unfortunate  crea¬ 
tures  because  a  small  gland  in  the 
neck,  the  thyroid  gland,  failed  to 
produce  an  important  substance. 


110 


MATTER 


This  substance,  called  thyroxin,  has 
been  extracted  and  later  synthesized. 
Its  use  by  the  physician  has  saved 
many  infants  from  later  deformity. 
It  is  used  also  for  the  diseased  con¬ 
dition  called  goiter  in  which  the 
gland  enlarges,  often  producing  a 
great  swollen  neck. 

These  are  two  of  several  glands  in 
the  body  that  produce  substances 
that  regulate  bodily  processes.  Such 
substances  are  called  hormones  or 
chemical  messengers.  Several  hor¬ 
mones  have  been  extracted  from  the 
glands  of  animals  for  use  in  medi¬ 
cine  and  some  have  been  produced 
by  the  chemist. 

Chemotherapy.  Perhaps  you 
have  heard  the  word.  It  means  cur¬ 
ing  the  disease  by  attacking  with  cer¬ 
tain  chemical  substances  the  bacteria 
which  cause  it.  The  sulfa  drugs  are 
such  chemical  weapons  against  bac¬ 
teria  in  the  body.  They  have  saved 
thousands  of  patients  threatened 
with  death  from  pneumonia  and 
meningitis,  a  disease  of  the  covering 
membranes  of  the  brain  and  spinal 
cord.  They  stop  streptococcus  sore 
throat,  tonsilitis,  blood  poisoning, 
ear  infection,  and  dysentery  (bloody 
diarrhea)  due  to  bacteria.  The  newer 
drug  penicillin,  obtained  from  cer¬ 
tain  molds,  is  even  more  effective 
against  certain  bacteria,  and  now 
some  kinds  of  penicillin  have  been 
synthesized. 

Quinine,  the  old  standby  for  use 
against  malaria,  could  not  be  ob¬ 
tained  during  the  war  with  Japan 
since  Japan  held  the  East  Indies 


where  grew  the  cinchona  trees  which 
supply  the  world.  But  the  chemist 
has  produced  other  new  drugs  that 
just  as  definitely  stop  the  malaria 
germ  in  the  blood.  Our  soldiers  and 
sailors  become  very  familiar  with 
atabrine,  which  turned  them  green, 
but  saved  them  from  the  severe  ef¬ 
fects  of  malaria.  Other  drugs  fol¬ 
lowed,  often  even  more  effective  for 
use  against  malaria.  Then,  true 
quinine  was  made  in  the  laboratory, 
the  same  substance  that  nature  stores 
in  the  bark  of  the  cinchona  tree. 

Some  other  uses  of  chemistry. 
We  have  mentioned  a  few  of  the 
products  and  services  of  chemistry. 
You  can  scarcely  look  about  in  civil¬ 
ization  without  seeing  everywhere 
the  work  of  the  chemist:  paint, 
enamel,  pipe,  sinks,  radiators,  auto¬ 
mobiles,  roofing,  wires  and  their 
covering,  mortar  and  cement,  city 
water  supplies,  and  your  clothes  and 
shoes  and  medicine.  Look  in  the 
kitchen  and  pantry.  Baking  soda, 
salt,  sugar,  corn  syrup,  bread,  bak¬ 
ing  powder,  food  preservatives,  and 
flavoring  are  a  few  of  the  products 
that  are  supervised  by  the  chemist. 
Read  the  labels  on  food  packages 
and  bottles  to  see  how  many  have 
synthetic  flavors  and  coloring.  You 
can  scarcely  tell  true  vanilla  ob¬ 
tained  from  the  vanilla  bean  from 
the  synthetic  vanillin  synthesized  by 
the  chemist.  The  paper  of  this  book 
and  the  print  that  you  read,  your 
pencil,  pen,  ink,  and  eraser  are 
products  in  the  manufacture  of 
which  the  chemist  has  been  needed. 
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Metals  and  ores.  We  should  have 
but  few  machines  without  metals. 
Our  automobiles,  our  trains,  our 
steamships — our  whole  machine  age 
depends  on  metal.  In  addition  to 
machinery,  we  use  innumerable 
things  of  metal  each  day,  from  pins, 
needles,  and  tin  cans  to  bridges  and 
skyscrapers.  Jewelry,  lighting  fix¬ 
tures,  electric  wires,  water  pipes, 
buckets,  and  works  of  art  are  made 
of  metal.  You  could  easily  write  a 
long  list  of  articles  of  metal  that  are 
important  for  our  safety,  comfort, 
and  advancement  in  civilization. 

A  few  metals,  such  as  copper, 
platinum,  and  gold,  are  sometimes 
found  free,  but  most  metals  occur  in 
nature  combined  with  other  sub¬ 
stances  in  the  form  of  ores.  If  the 
metal  is  combined  with  sulfur  or 
carbon,  the  ore  is  roasted ,  or  heated 
in  the  air  to  oxidize  it.  The  sulfur 
or  carbon  burns  or  combines  with 
the  oxygen  of  the  air.  Iron  is  mostly 
found  in  nature  combined  with  oxy¬ 
gen  in  the  form  of  an  oxide,  or  with 
sulfur  in  the  form  of  a  sulfide. 

Iron  is  freed  from  its  ore  by  the 
process  known  as  smelting.  This 
process  is  carried  on  in  the  blast  fur¬ 
nace  shown  opposite.  The  blast  fur¬ 
nace  is  charged  with  limestone,  coke, 
and  ore.  The  coke  is  then  ignited.  Hot 
air  is  blown  in  from  below.  The  heat 


of  the  burning  coke  drives  carbon 
dioxide  from  the  limestone,  and  the 
lime  so  produced  unites  with  the  im¬ 
purities  of  the  ore.  The  lime  and  im- 


Section  of  a  blast  furnace.  Everything 
that  goes  into  it  comes  out  as  gas, 
molten  iron,  or  molten  slag  (waste). 
The  fire  is  kept  burning  by  a  blast 
of  hot  air.  The  automatic  conveyor 
dumps  measured  quantities  of  mate¬ 
rials  into  the  hopper.  When  the  bell 
is  lowered,  these  materials  drop  into 
the  furnace  which  will  make  700  tons 
of  iron  a  day. 
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purities  form  slag ,  which  is  a  waste 
product.  The  molten  iron  sinks 
through  the  liquid  slag  and  is  drawn 
off  from  the  bottom  of  the  furnace 
cylinder.  Then  it  is  run  into  molds  of 
size  convenient  for  shipping  or  stor¬ 
ing,  and  is  called  pig  iron .  Some¬ 
times  the  iron,  instead  of  being  cast 
into  pigs,  is  converted  directly  into 
steel  without  being  allowed  to  cool 
and  solidify. 

Making  steel.  To  make  steel,  im¬ 
purities  still  remaining  in  the  pig 
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The  Bessemer  converter  changes  iron 
to  steel 

iron  are  oxidized  by  blowing  air 
through  the  molten  iron.  Above  is 
shown  the  Bessemer  converter,  in 
which  the  process  is  carried  on.  Vari¬ 
ous  kinds  of  steel  are  made  by 
mixing  it  while  molten  with  other 
elements,  such  as  carbon,  tungsten, 
vanadium,  and  chromium. 

Most  steel  is  now  made  by  an¬ 
other  method — the  open  hearth  proc¬ 
ess — in  which  impurities  of  the  iron 
are  oxidized  by  heating  with  mix¬ 
tures  of  rust,  scrap  iron,  or  iron  ores 
containing  iron  oxides. 

Working  steel.  Heated  iron  and 
steel  are  hammered  or  rolled  into 
sheets  or  bars,  and  molten  steel  is 
cast  in  molds.  Tool  steel  is  tempered 
by  heating  and  plunging  into  water. 
Steel  for  certain  purposes  is  also 
tempered  in  baths  of  molten  solder, 
oils,  or  solutions  of  salts.  In  the  erec¬ 
tion  of  bridges  and  buildings,  steel 
girders  are  riveted  together.  Red-hot 
rivets  are  inserted  in  holes  in  the 
girders,  and  a  bar  is  held  against  one 
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In  modern  construction  welding  is  done  by  means  of  the  electric  arc.  The 
pieces  of  metal  welded  thus  become  a  single  piece 


end  while  a  hammer,  driven  by  com¬ 
pressed  air,  flattens  the  other  end.  As 
the  bolt  cools,  it  contracts  and  draws 
the  girders  tightly  together.  In  newer 
constructions  bolts  are  sometimes  in¬ 
serted  and  hammered  while  cold. 

Steel  is  sometimes  welded  together 
by  the  heat  of  an  electric  arc  (shown 
here),  sometimes  by  using  burning 
gases,  especially  a  mixture  of  oxy¬ 
gen  and  acetylene.  The  heated  parts 
melt  and  fuse  together  as  one  piece 
of  steel.  On  the  other  hand,  it  is  pos¬ 
sible  to  cut  a  bar  of  steel  into  two 
pieces  by  melting  it  at  the  place 
where  the  cut  is  desired,  with  an  oxy- 
acetylene  flame.  The  jet  of  acetylene 
burning  in  oxygen  gives  an  inten¬ 
sively  hot  flame  which  eats  through 
steel  very  rapidly.  Holes  are  quickly 
bored  in  steel  plates,  and  thick 


armor  plate  may  be  cut  by  the  same 
means. 

Alloys.  Do  you  know  what  stain¬ 
less  steel  is?  It  is  not  pure  steel  but 
an  alloy  or  mixture  of  steel  and 
chromium.  Did  you  ever  hear  that 
something  was  hard  as  iron?  Well, 
to  the  chemist  or  metallurgist,  the 
man  who  specializes  in  metals,  iron 
is  not  hard.  You  could  not  make  good 
cutting  tools  of  pure  iron.  They 
would  not  hold  a  cutting  edge  and 
would  heat  with  use  and  lose  their 
sharpness.  Steel  is  an  alloy  of  iron 
and  carbon.  Adding  one  per  cent  of 
carbon  to  iron  to  make  steel  multi¬ 
plies  its  strength  by  three.  One  or 
two  per  cent  of  manganese  added  to 
steel  makes  it  hard.  Silicon  is  al¬ 
loyed  with  steel  for  automobile 
springs. 
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Armor  plate  for  our  battleships 
and  tanks  is  nickel-chromium  steel. 
In  our  high-speed  manufacturing 
machines  a  tool  becomes  hot  from 
friction  and  a  common  steel  tool 
loses  its  hardness.  Steel  alloyed 
with  tungsten  and  chromium  be¬ 
comes  harder  as  the  temperature 
rises.  We  have  little  tungsten  in  the 
United  States,  but  we  have  molyb¬ 
denum  which  is  alloyed  with  steel 
for  our  high-speed  tools. 

Other  metals  are  also  used  in  al¬ 
loys.  “Duraluminum,”  which  is  an 
alloy  of  aluminum,  copper,  and 
maganese,  is  used  in  airplanes  to 
give  lightness  with  strength.  Mag¬ 
nesium  alloys,  strong  as  steel  but 
very  light,  are  also  used  in  airplane 
construction.  Solder  is  tin  and  lead. 
Monel  metal  used  in  sinks  and  other 
plumbing  fixtures  is  nickel,  copper, 
and  iron.  “Duriron,”  used  in  pipes 
which  carry  chemicals  in  industrial 
plants,  is  an  alloy  of  iron  and  sil¬ 
icon.  Our  whole  metal  industry  is 
under  the  control  of  the  chemist. 


Experiment  47 

Question:  How  is  metal  separated 
from  the  ore? 

Materials:  Lead  oxide;  a  block  of 
charcoal;  blowpipe;  Bunsen  burner. 

Directions:  Make  a  little  hollow  in 
the  block  of  charcoal  and  place  in  it  a 
little  lead  oxide.  With  the  blowpipe 
blow  the  flame  against  the  oxide. 

Results:  Describe  the  changes  under¬ 
gone  by  the  lead  oxide.  What  finally  re¬ 
mains? 

Conclusion:  What  chemical  changes 
take  place  in  the  ore  as  the  flame  is 
blown  against  it? 

Application:  This  represents  one 
method  by  which  ores  are  reduced  and 
pure  metals  obtained?  What  ores  are 
reduced  in  this  manner? 


Chapter  Fourteen 

Measuring  Things  in  Science 


How  measures  began.  When 
the  English  in  the  days  of  Henry  II 
wanted  to  measure  the  length  of  an 
object,  they  compared  it  with  the 
length  of  their  king’s  foot.  Our  foot 
measure  was  originally  the  length 
of  a  man’s  foot.  The  Romans,  in 
measuring  distance,  paced  it  off. 
They  gave  us  the  mile.  Mile  is  from 
Latin  mille  (a  thousand)  passuum 
(of  paces).  Small  objects  were 
weighed  by  comparing  them  with  a 
grain  of  wheat.  That  gave  us  the 
weight  of  one  grain. 

With  that  sort  of  history,  there  is 
little  wonder  that  we  have  a  jumble 
of  figures  in  our  measures:  12 
inches,  one  foot;  3  feet,  one  yard; 
5i  yards,  one  rod;  320  rods,  one 
mile.  Our  weights  are  equally  irreg¬ 
ular:  27H  grains,  one  dram;  16 
drams,  one  ounce;  16  ounces,  one 
pound;  2000  pounds,  or  sometimes 
2240  pounds,  one  ton.  It  is  similar 
with  our  other  measures. 

The  metric  system.  In  1789  the 
French  began  a  revolution  that  rid 
them  of  their  old  form  of  govern¬ 
ment  and  of  a  great  many  old  cus¬ 
toms.  Among  the  reforms  was  the 
setting  up  of  a  new  and  orderly  sys¬ 
tem  of  weights  and  measures.  They 
set  up  the  metric  system  of  measure¬ 
ments,  which  is  now  used  by  almost 
all  civilized  countries  and  by  scien¬ 
tists  throughout  the  world.  They 


took  as  their  unit  of  measure  one 
ten-millionth  of  the  supposed  dis¬ 
tance  from  the  Equator  to  the  Pole. 
This  they  called  the  meter ,  which 
means  measure.  Larger  units  are 
successively  ten  times  as  large,  and 
smaller  units  are  one  tenth  as  large. 
That  arrangement  simplifies  the 
arithmetic  of  measuring.  To  multi¬ 
ply  by  10  you  move  the  decimal 
point  one  place  to  the  right  25  X  10 
=  250.  To  divide  by  10  you  move 
the  decimal  point  one  place  to  the 
left.  25  -r- 10  =  2.5.  You  can  learn 
to  use  the  metric  system  in  5  min¬ 
utes. 

Table  of  Metric  Measures 

10  millimeters  (mm.)  make  1  centi¬ 
meter  (cm.). 

10  centimeters  make  1  decimeter 
(dm.) . 

10  decimeters  make  1  meter  (m.) . 

10  meters  make  1  dekameter  (Dm.). 
10  dekameters  make  1  hectometer 

(Hm.). 

10  hectometers  make  1  kilometer 

(Km.). 

Comparison  of  Metric  and  English 
Measures 

1  millimeter  =  0.039  inch 

1  centimeter  =  0.394  inch 

1  meter  =  39.37  inches 
1  kilometer  =  0.621  mile 

1  liter  =  1.057  quarts 

1  gram  =  0.035  ounce 
1  Kilogram  =  2.205  pounds 
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National  Bureau  of  Standards 


CENTIMETER 


The  official  weights  and  measures  of  the  United  States 


The  metric  system  derives  its 
other  measures  from  its  unit  of 
length.  A  liter  is  (approximately) 
the  volume  of  a  cube  whose  side  is 
Ti)  of  a  meter.  A  gram  is  (approxi¬ 
mately)  the  weight  of  water  con¬ 
tained  in  a  cube  whose  edge  is  rto 
of  a  meter. 

Getting  measures  exact.  Try 

an  experiment.  Measure  the  length 
of  this  book  with  a  metric  ruler,  es¬ 
timating  in  tenths  the  fractions 
smaller  than  the  smallest  divisions 
on  the  ruler.  W  rite  down  your  meas¬ 
urement,  but  do  not  show  it  to  any¬ 
one.  Now  ask  five  of  your  classmates 
separately  to  measure  the  length 
without  showing  results.  Then  com¬ 
pare  results.  In  all  probability  they 


are  not  the  same.  Which  one  is  right? 
Perhaps  no  one’s. 

If  you  are  measuring  the  parts  for 
a  machine  and  are  wrong  rrcro  of  an 
inch,  the  machine  may  not  work 
properly.  If  you  are  measuring  your 
purchases  at  a  store  and  your  meas¬ 
urements  do  not  agree  with  those  of 
the  storekeeper,  you  may  have  an  ar¬ 
gument.  If  you  are  measuring  the 
boundary  of  a  country  and  your 
measurement  is  inaccurate,  there 
may  be  a  war. 

Now  suppose  you  are  making  a 
meter  stick  or  a  yardstick,  how  can 
you  tell  how  long  to  make  it?  No 
doubt  you  will  get  another  meter 
stick  or  yardstick  and  try  to  make 
the  new  one  the  same  length.  But  you 
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have  just  found  that  it  is  exceedingly 
difficult  to  measure  accurately.  If 
several  people  have  made  meter 
sticks,  they  are  probably  not  all  ex¬ 
actly  the  same  length.  What  shall  be 
used  as  the  standard? 

The  nations,  centuries  ago,  dis¬ 
covered  that  it  was  important  to  have 
fixed  standards  that  could  be  used 
for  measuring.  The  old  English  took 
the  king’s  foot  as  the  standard  meas¬ 
ure  of  length;  but  when  the  king 
passed  away,  what  was  the  correct 
foot? 

It  is  a  rather  difficult  task  to  re¬ 
measure  the  earth  to  get  a  correct 
meter.  To  establish  standards  that 
can  be  used  more  easily  and  exactly, 
laws  in  the  various  countries  have 
defined  units  of  length  as  the  length 
of  certain  metal  bars  that  are  safely 
kept. 

A  yard  is  the  distance  measured 
at  60°  F.  between  two  lines  on  two 
gold  plugs  set  in  a  bronze  bar  kept 
at  Westminster,  London.  A  meter  is 
the  distance  measured  at  the  temper¬ 
ature  of  melting  ice  between  two 
lines  on  a  platinum-iridium  bar  kept 
at  Sevres,  France,  by  an  Inter¬ 
national  Commission.  Copies  of  this 
meter  bar  are  kept  in  various  coun¬ 
tries. 

The  United  States  Bureau  of 
Standards  determines  our  standards. 
Besides  the  measures  of  length, 
weight,  and  volume,  the  Bureau  of 
Standards  passes  upon  many  other 
measures,  for  example,  the  units  of 
diphtheria  antitoxin.  Following  are 
some  quantities  for  which  science 


and  industry  need  units  of  measure¬ 
ment;  see  if  you  know  what  unit  is 
used  for  each  before  you  look  it  up 
on  the  page  referred  to ;  temperature, 
page  161;  heat,  page  164;  power, 
page  122;  work,  page  121;  elec¬ 
tricity,  pages  260-262;  light  inten¬ 
sity,  pages  211—212;  radio  wave 
length,  pages  282-283. 

Experiment  48 

Question:  How  accurately  can  I  meas¬ 
ure? 

Materials :  A  metal  or  cardboard  pat¬ 
tern,  somewhat  like  the  diagram;  an 
English  metric  rule  (a  rule  for  measur¬ 
ing  both  inches  and  centimeters). 


Directions:  Copy  the  number  of  the 
pattern.  Measure  each  side  of  the  pat¬ 
tern,  estimating  to  tenths  of  a  milli¬ 
meter.  Add  the  four  sides  to  get  the 
perimeter  (sum  of  the  sides) .  Repeat 
this  operation  five  times,  trying  to  allow 
time  to  forget  your  previous  measure¬ 
ments.  Add  the  five  measurements,  and 
divide  by  five  to  find  the  average. 

Results:  Record  your  measurements 
in  a  table  at  the  top  of  page  118. 

Compare  your  measurements  with  a 
list  of  measurements  kept  by  the 
teacher. 

Conclusion:  Are  your  results  persist¬ 
ently  too  large  or  persistently  too  small? 
How  much?  Does  averaging  the  results 
of  several  readings  give  greater  accu¬ 
racy? 
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Side  Side  Perim- 
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Second  reading  . 
Third  reading  . . 
Fourth  reading. . 
Fifth  reading  . .  . 
Sum  of  readings 
Average  . 


Number  of  pattern: 
First  reading  . . . 


Side 

AB 


Side 

BC 


Experiment  49 

Question:  How  can  I  measure  the  vol¬ 
ume  of  an  irregular  stone? 

Materials:  A  graduated  cylinder;  a 
small  stone  or  other  irregular  object. 

Directions:  Pour  water  into  the  cyl¬ 
inder  until  it  is  half  full.  Read  the  vol¬ 
ume  of  water,  estimating  to  a  tenth  of  a 
cubic  centimeter.  In  making  this  read¬ 
ing  have  your  eye  on  the  same  level  as 
the  surface  of  the  water.  You  will  notice 
that  the  surface  curves  down  in  the  cen¬ 
ter  of  the  cylinder.  This  curved  surface 
is  called  the  meniscus.  Take  the  reading 
at  the  bottom  of  this  curve.  See  dia¬ 
gram. 

Lower  the  stone  gently  into  the  water. 
Read  the  volume  again. 


How  to  measure  the  volume  of  an 
irregular  solid 


Results:  Record  your  readings  in  a 
table. 

Volume  of  water  without  stone . 


Volume  of  water  with  submerged  stone 


Volume  of  stone 


Conclusion:  Answer  the  question. 
Experiment  50 

Question:  How  long  is  an  inch  in  the 
metric  system? 

Materials:  English  and  metric  rules; 
a  card;  your  notebook;  your  textbook. 

Directions:  Measure  the  length,  in 
inches  and  in  centimeters  (1)  of  a  card, 
(2)  of  a  leaf  in  your  textbook,  (3)  of  a 
leaf  of  your  notebook.  Record,  add,  and 
divide  the  sum  in  inches  into  the  sum  in 
centimeters. 

Results: 

Inches  Centimeters 
Length  of  Card  ....  .... 

Length  of  leaf  of 

textbook  ....  ....  .... 

Length  of  note¬ 
book  .......  ....  . . . . 

Sum  of  measure- 

nicnts  ••••••  ••••  •  •  •  • 

Number  of  centimeters  in 

an  inch  . 

Additional  Experiments 

In  similar  manner,  determine  the 
metric  equivalent  of  a  pound;  a  quart. 


W ork :  Energy 


Modern  man  does  his  great  work  by  machin¬ 
ery.  Power  from  other  sources  has  largely  re¬ 
placed  that  of  the  good  right  arm.  With  power 
machinery  man  has  changed  the  face  of  the 
earth.  He  has  made  a  new  world — a  world  of 
machinery — and  this  world  has  become  a  part 
of  his  environment.  This  new  part  of  his  en¬ 
vironment  determines  many  of  his  activities. 
Machinery  runs  our  lives. 

In  the  present  unit  we  shall  study  something 
of  the  nature  of  energy  and  how  we  measure  it. 
Then  we  shall  study  how  man  has  put  it  to  his 
service  by  the  use  of  machines.  We  shall  try 
to  understand  how  machines  have  enabled  him 
to  do  his  work  with  greater  ease  and  speed.  We 
shall  study  some  of  the  simple  machines  that 
we  use  every  day ,  some  as  simple  as  spoons  and 
scissors.  Then  we  shall  see  how  energy  from 
other  sources  has  been  used  to  replace  mus¬ 
cular  power.  We  shall  understand  the  prin¬ 
ciples  of  the  steam  engine ,  the  gas  engine ,  tur¬ 
bines ,  the  Diesel  and  the  jet,  or  rocket  engines. 
We  shall  see  how  engines  use  power  to  drive 
other  machines,  how  science  builds  railroads, 
roads,  and  bridges  for  our  machines  of  trans¬ 
portation. 

(1)  Ewing  Galloway,  N.Y.,  (2)  Bill  Sharp,  ( 3 )  Harold  M. 

Lambert,  (4)  Caterpillar  Tractor  Co. 


Unit  Four 

The  Capacity  To  Do 


Chapter  Fifteen 

Energy  and  Work 

Ability  to  work.  Air  can  do 

things.  It  can  crush  cans  by  its  pres¬ 
sure.  When  in  motion  as  wind,  it  can 
uproot  mighty  trees.  It  can  keep  us 
alive  or  it  can  burn  our  house.  We 
call  this  ability  to  do  things  energy. 
Energy  is  the  capacity  to  do  work. 

Two  kinds  of  energy.  Throw  a 
ball  upward  to  a  boy  leaning  out  of 
a  second-story  window.  When  you 
throw  it,  you  give  it  energy  of  mo¬ 
tion.  The  moving  ball  may  break  a 
windowpane.  It  can  do  this  because 
you  have  given  the  ball  energy. 

When  we  have  learned  the  exact 
meaning  of  a  scientific  idea,  it  saves 
much  time  and  many  words  to  name 
our  ideas.  Let  us  call  this  energy  of 
motion  kinetic  (moving)  energy. 
The  ball  you  threw  upward  had  ki¬ 
netic  energy  as  long  as  it  had  motion. 

The  ball  which  has  just  left  the  boy’s 
hand  has  kinetic  energy 


The  von  Trotts 


When  has  the  pendulum  potential 
energy  and  when  kinetic  energy? 

The  boy  in  the  window  catches  the 
ball.  It  is  now  motionless.  It  has  no 
kinetic  energy.  The  energy  that  you 
originally  gave  to  the  ball,  however, 
is  still  stored  up  in  it  as  energy  of  po¬ 
sition.  If  the  ball  is  dropped,  it  will 
fall  to  the  ground,  exchanging  its 
energy  of  position  for  energy  of  mo¬ 
tion.  Let  us  call  this  energy  of  posi¬ 
tion  potential  (possible)  energy. 

The  pendulum  gives  a  very  good 
illustration  of  both  kinds  of  energy. 
Draw  the  pendulum  bob  to  one  side 
B  and  release  it  as  shown  in  the  dia¬ 
gram.  The  bob  will  move  faster  and 
faster  until  at  the  middle  point  A  of 
the  swing  its  energy  is  all  kinetic.  It 
then  rises  to  the  point  C  on  the  oppo¬ 
site  side  where  for  an  instant  it  is 
motionless.  Its  energy  is  now  all  po¬ 
tential.  In  this  way  the  energy  of  the 
bob  is  transformed  in  each  swing 
from  potential  to  kinetic,  and  back  to 
potential. 

Where  we  get  energy.  We  can¬ 
not  create  energy.  We  must  always 
get  it  somewhere;  but  having  found 
it,  we  can  change  it  into  many  forms. 
Thus  we  may  find  water  on  a  moun¬ 
tain  side.  High  up  it  has  potential 
(possible)  energy.  It  falls  and  turns 
a  wheel.  The  energy  is  changed  in 
falling  to  energy  of  motion,  and  this 


energy  is  utilized  to  turn  the  water 
wheel.  The  water  wheel  runs  a  dy¬ 
namo,  and  the  energy  becomes  elec¬ 
trical  energy.  It  is  led  through  a  wire 
to  a  motor  and  becomes  again  energy 
of  motion,  or  it  is  turned  into  an  elec¬ 
tric  toaster  and  becomes  heat  energy, 
or  into  a  lamp  and  becomes  heat  and 
then  light  energy. 

Most  of  the  energy  of  industry 
comes  from  burning  coal,  which 
gives  heat  energy.  We  do  not  create 
energy  by  burning.  Coal  is  the  re¬ 
mains  of  plants  from  past  ages.  The 
plants  grew  when  sunlight  fell  upon 
them.  In  a  way  which  we  shall  study 
later,  the  sun’s  energy  enabled  the 
plants  to  build  up  chemical  com¬ 
pounds,  such  as  starch  and  then 
wood.  When  we  burn  wood,  the  sun’s 
energy  is  given  out  again  as  heat. 
The  energy  was  stored  in  the  chemi¬ 
cal  compounds  of  the  wood.  In  that 
stored  condition  we  say  that  it  is 
chemical  energy.  When  the  wood  or 
coal  burns,  the  chemical  energy  is 
changed  to  heat  energy. 

In  all  this  series  of  transforma¬ 
tions,  energy  is  neither  gained  nor 
lost,  but  has  merely  changed  its  form. 
We  express  all  these  facts  in  the  law 
of  conservation  of  energy :  energy 
can  neither  he  created  nor  destroyed. 
This  law  holds  good  for  all  ordinary 
machines.  Scientists  have  changed 
this  law  somewhat  since  the  study 
of  radium  and  other  radio-active 
substances.  Matter  may  be  changed 
into  energy  and  energy  into  matter. 
In  such  changes  lies  the  secret  of  the 
atomic  bomb. . 
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The  ball  in  the  hoy’s  hand  has  po¬ 
tential  energy 


What  is  work?  You  will  prob¬ 
ably  say  the  word  work  means  labor . 
In  science,  however,  this  word  has  a 
special  meaning  that  differs  some¬ 
what  from  the  common  idea.  In  sci¬ 
ence,  work  is  defined  as  the  effect  of 
a  force  in  moving  a  body  upon  which 
the  force  acts.  Work  always  implies 
motion.  If  you  push  against  a  heavy 
wall,  you  are  laboring,  but  you  are 
doing  no  work,  for  there  is  no  mo¬ 
tion.  The  columns  supporting  a  heavy 
building  are  doing  no  work,  for 
there  is  no  motion. 

Measuring  work.  When  you  lift 
a  pound  weight  1  foot,  you  have  done 
a  certain  amount  of  work.  It  makes 
no  difference  how  slowly  or  how 
rapidly  you  do  this  work,  the  amount 
remains  the  same.  If  you  lift  2 
pounds  3  feet,  you  will  have  done  6 
times  the  work.  Our  unit  of  work  is 
the  foot  pound.  A  foot  pound  is  the 
amount  of  work  done  in  lifting  1 
pound  1  foot.  To  find  the  foot  pounds 
of  work  done,  multiply  the  pounds 
lifted  by  the  vertical  distance  in  feet 
that  the  weight  is  raised. 
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If  your  classroom  is  40  feet  from 
the  ground  and  you  weigh  100 
pounds,  you  will  have  done  40  X  100 
—  4000  foot  pounds  of  work  in  lift¬ 
ing  your  body  from  the  sidewalk  to 
the  room.  Of  course  the  work  done 
need  not  be  lifting.  If  you  push  a  box 
over  the  floor  for  the  distance  of  3 
feet,  using  a  force  of  2  pounds  all  the 
way,  you  do  2  X  3  foot  pounds  of 
work.  Work  is  always  force  multi¬ 
plied  by  distance.  The  motion  may 
be  in  any  direction.  The  work  done 
is  compared  to  that  required  to  lift 
1  pound  1  foot. 

Horse  power.  In  industry  we  are 
interested  not  only  in  how  much  is 
done  but  in  how  much  time  it  takes  to 
do  it.  When  we  include  the  idea  of 
the  time  it  takes  to  do  work,  we  are 
thinking  of  power .  Long  ago  James 
Watt,  who  put  steam  to  work  by 
means  of  the  steam  engine,  tried  to 
measure  the  amount  of  work  horses 
could  do  in  a  given  time.  He  esti¬ 
mated  that  a  horse,  working  steadily, 
could  lift  33,000  pounds  1  foot  in  1 
minute.  This  he  called  1  horse  power , 
often  abbreviated  to  h.p.  If,  then,  the 
motor  of  an  elevator  has  10  h.p.,  it 
can  lift  330,000  pounds  1  foot  in  1 
minute.  This  is,  of  course,  the  same 
thing  as  lifting  3300  pounds  100  feet 
in  1  minute.  As  long  as  the  product 
of  the  pounds  and  feet  equals  330,- 
000  and  the  work  is  done  in  1  min¬ 
ute,  we  have  a  horse  power  of  10. 

Suppose  you  ran  as  fast  as  you 
could  from  the  sidewalk  to  your 
classroom.  Suppose  it  took  you  a 
minute  and  a  third.  In  the  paragraph 


on  work  you  calculated  that  in  mak¬ 
ing  this  trip  you  did  4000  foot 
pounds  of  work.  If  you  do  it  in  li 
minutes,  you  are  doing  3000  foot 
pounds  a  minute.  The  horse  power 
that  your  action  displays  would  be 
found  by  making  the  calculation 

-J^- ;  that  is,  *  horse  power. 

Measuring  energy.  Since  energy 
is  the  capacity  to  do  work,  we  meas¬ 
ure  it  by  measuring  the  foot  pounds 
of  work  that  the  energy  can  do.  The 
storage  battery  in  your  automobile 
has  potential  energy.  If  the  battery 
can  be  used  to  lift  5  pounds  70  feet, 
it  has  5  X  70  =  350  foot  pounds  of 
potential  energy.  The  more  rapidly 
a  body  moves,  the  more  foot  pounds 
of  work  it  can  do,  and  the  more  ki¬ 
netic  energy  it  possesses.  A  rifle  bul¬ 
let  moves  very  rapidly.  It  has  great 
kinetic  energy.  If  it  strikes  a  steel 
plate,  this  energy  is  changed  into 
heat  energy,  and  enough  heat  may  be 
set  free  to  melt  the  bullet.  No  matter 
in  what  form  energy  appears,  we 
can  measure  it  by  the  foot  pounds  of 
work  it  can  do. 

Definition  of  terms.  Make  sure 
that  you  know  the  meaning  of  the 
terms  that  the  scientist  uses  when  he 
talks  of  energy  and  what  it  does.  En¬ 
ergy  is  the  capacity  to  do  work.  Work 
is  done  only  when  a  force  moves  a 
body  through  space.  A  force  is  a  push 
or  pull  that  moves  a  body  or  tends  to 
move  it.  There  can  be  no  work  with¬ 
out  a  force,  but  a  force  does  work 
only  when  it  moves  a  body.  Power  is 
the  rate  of  doing  work. 


Chapter  Sixteen 

The  Simplest  Machine 


What  this  machine  is.  If  you 

ever  have  pushed  a  stick  under  a  rock 
and  pried  up  the  rock,  you  have  used 
a  simple  machine.  If  you  have  rolled 
a  plank  on  a  roller,  skated  on  roller 
skates,  pulled  down  a  roller  towel,  or 
pushed  a  baby  carriage,  you  have 
used  another  simple  machine.  The 
bewildering  complex  of  machinery 
in  an  airplane  or  an  automobile  is 
but  the  combination  of  a  number  of 
just  such  simple  machines.  Each 
particular  part  has  only  one  simple 
act  to  perform. 

The  simplest  machine  is  illus¬ 
trated  by  the  crowbar  which  is  used 
to  pry  up  weights,  the  seesaw,  and 
the  oar  of  a  boat.  These  are  all  illus¬ 
trations  of  the  lever.  Very  often  when 
you  cannot  budge  a  heavy  rock  by 
pushing  and  pulling,  you  can  move  it 
very  easily  with  a  pry,  or  lever,  such 
as  a  crowbar.  Let  us  see  why. 

Balance  a  2-foot  rule  on  a  pencil 
as  shown  below.  The  support  on 
which  the  rule  balances  we  call  the 
fulcrum.  Note  the  point  where  you 
must  place  the  fulcrum  in  order  to 


balance  the  rule.  If  the  rule  is  of  the 
same  size  throughout,  it  will  balance 
when  the  fulcrum  is  beneath  the  12- 
inch  mark. 

Put  a  4-ounce  weight  on  one  end 
of  the  rule  and  an  8-ounce  weight  on 
the  other  end.  The  rule  no  longer  bal¬ 
ances.  Leaving  the  fulcrum  at  the 
center  of  the  rule,  place  the  4-ounce 
weight  at  one  end  and  the  8-ounce 
weight  halfway  in  from  the  other 
end.  Now  4  ounces  balances  8  ounces. 
Let  us  see  how  it  is  possible.  The  4- 
ounce  weight  is  12  inches  from  the 
fulcrum;  the  8-ounce  weight  is  6 
inches  from  the  fulcrum.  Multiply 
4  by  12,  and  8  by  6.  Notice  that  the 
two  products  are  the  same:  4  X  12 
=  8X6.  Our  simple  machine,  the 
lever,  enables  the  4-ounce  weight  to 
balance  the  8-ounce  weight. 

Now  pull  down  the  end  of  the  rule 
carrying  the  8-ounce  weight  until  it 
touches  the  table.  Measure  the  dis¬ 
tance  that  the  4-ounce  weight  is  from 
the  table.  Then  pull  down  the  4-ounce 
weight  and  measure  the  distance  that 
the  8-ounce  weight  travels.  You  will 


Note  the  position  of  the  fulcrum  in  relation  to  the  length  of  the  rule 
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One  class  of  lever 

find  by  this  experiment  that  the 
4-ounce  weight  travels  twice  the 
distance  that  the  8-ounce  weight 
travels. 

When  we  use  a  lever  to  move  a  big 
rock,  we  really  gain  no  energy.  We 
merely  exchange  moving  a  small 
weight  a  long  distance  for  moving  a 
heavy  weight  a  short  distance.  In  this 
way  a  lever  may  be  used  to  lift  a 
stone  that  is  too  heavy  to  be  lifted 
directly*  To  accomplish  this  a  small 
effort  continued  through  a  long  dis¬ 
tance  produces  the  same  result  as  a 
great  effort  continued  through  a 
short  distance. 

Law  of  the  lever.  Let  us  state 
these  facts  as  a  law  of  science.  Let  us 
call  the  weight  that  we  wish  to  move 
the  resistance  ( R )  and  the  weight 
that  we  use  to  move  it  the  effort  (E). 


The  effort  multiplied  by  its  distance, 
D,  from  the  fulcrum  will  always 
equal  the  resistance  multiplied  by  its 
distance,  D'  (called  D  prime),  from 
the  fulcrum.  To  represent  this  math¬ 
ematically  we  say  E  X  D  —  jR  X  D'. 

Let  us  consider  a  lever  from  an¬ 
other  point  of  view.  Resistance  mul¬ 
tiplied  by  the  distance  it  moves  will 
always  equal  the  effort  multiplied 
by  the  distance  that  it  moves.  Now 
let  us  put  this  in  mathematical  form. 
If  we  represent  the  distance  the  effort 
moves  by  d  and  the  distance  the  re¬ 
sistance  moves  by  d\  then  E  X  d  —R 
X  d\ 

Solving  problems.  When  an  en¬ 
gineer  needs  machinery  to  move 
rocks  and  gravel,  he  must  know  how 
heavy  and  how  strong  his  machines 
must  be.  He  then  has  a  problem  some- 

A  second  class  of  lever 
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what  like  the  following.  Let  us  sup¬ 
pose  a  boy  who  is  able  to  exert  an 
effort  of  50  pounds  wishes  to  move  a 
boulder  weighing  550  pounds.  He 
has  a  crowbar  48  inches  long.  Can 
he  move  the  stone?  Use  the  Law  of 
the  Lever.  Suppose  he  places  a 
smaller  stone  as  a  fulcrum  at  such  a 
distance  from  the  larger  boulder  that 
4  inches  of  the  crowbar  will  be  at  one 
side  of  the  fulcrum  and  44  inches 
of  the  crowbar  at  the  other  side  of 
the  fulcrum.  The  resistance  arm  is  4 
inches  and  the  effort  arm  is  44  inches. 
Their  ratio  will  be  1:11.  The  ratio 
of  the  effort  and  resistance  will  then 
be  1:11.  A  downward  push  of  50 
pounds  by  the  boy  will  balance  the 
stone  weighing  550  pounds. 

By  placing  the  fulcrum  closer  to 
the  boulder  so  as  to  make  the  resis¬ 
tance  arm  still  shorter,  it  would  be 
possible  to  lift  an  even  heavier  boul¬ 
der,  but  remember  that  the  boy  has 
actually  gained  no  energy.  He  has 
only  exchanged  moving  a  small 
weight  a  long  distance  for  moving  a 
heavy  weight  a  short  distance.  In 
pushing  down  his  end  of  the  lever  11 
inches,  the  boy  has  raised  the  stone 
only  1  inch. 

Every  boy  is  familiar  with  the  see¬ 
saw.  If  a  large  boy  at  one  end  of  the 
seesaw  balances  a  small  boy  at  the 
other  end,  the  sawhorse  (fulcrum) 
on  which  the  plank  balances  must  be 
nearer  to  the  larger  boy.  Suppose  you 
work  out  such  a  problem  for  your¬ 
self.  One  boy  weighs  100  pounds 
and  is  seated  4  feet  from  the  ful¬ 
crum.  The  other  boy  weighs  60 
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A  third  class  of  lever 

pounds.  How  far  from  the  fulcrum 
must  he  be  placed  in  order  that  the 
seesaw  may  balance?  In  this  discus¬ 
sion  we  have  omitted  any  considera¬ 
tion  of  the  weight  of  the  lever  itself. 
In  physics  you  will  learn  how  this 
affects  your  results. 

Some  common  use  of  levers. 
We  constantly  use  levers  in  our 
bodies,  in  tools,  and  in  machinery. 
Why  does  a  pair  of  shears  for  cutting 
tin  have  long  handles  and  short 
blades,  and  your  mother’s  scissors 
have  short  handles  and  long  blades? 
It  is  difficult  to  cut  sheet  metal  with 
ordinary  scissors  because  the  re¬ 
sistance  arm  is  too  long.  In  tin  shears, 
or  shears  for  cutting  sheet  metal,  we 
make  the  handles  (effort  arms)  long, 
and  the  cutting  blades  (resistance 
arms)  short.  Applying  a  small  effort 
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Shears  are  levers.  Why  have  tin  shears  long  handles  and  short  blades  and 
paper  shears  long  blades  and  short  handles? 


through  a  long  distance  enables  us  to 
overcome  the  larger  resistance  neces¬ 
sary  to  cut  the  metal.  A  pair  of  shears 
for  cutting  paper  has  short  effort 
arms  and  long  resistance  arms,  giv¬ 
ing  increased  speed  where  little  ef¬ 
fort  is  required. 

Levers  in  your  bodies.  Your 

own  forearm  is  a  lever.  The  muscle 
of  your  upper  arm  (biceps)  is  at¬ 
tached  at  one  end  to  your  shoulder 
and  at  the  other  end  to  your  forearm, 
near  the  elbow.  When  you  contract 
this  muscle,  you  are  using  the  bones 
of  your  forearm  as  a  lever.  The  el¬ 
bow  acts  as  the  fulcrum.  The  distance 


from  the  elbow  joint  to  the  point 
where  the  muscle  is  attached  to  the 
bone  is  the  effort  arm,  and  the  dis¬ 
tance  from  the  elbow  joint  to  the 
weight  is  the  resistance  arm.  The 
shorter  you  make  this  resistance 
arm,  the  heavier  the  weight  that  you 
can  lift.  If  you  will  hang  two  heavy 
packs  of  books  by  a  strap  over  your 
arm  as  in  the  picture,  you  will  find 
that  by  moving  the  strap  close  to  the 
elbow  you  can  lift  the  weights,  while 
if  you  move  the  weights  to  the  end 
of  your  fingers,  you  will  either  be 
unable  to  lift  them,  or,  at  best,  will 
lift  them  only  by  a  very  considerable 
effort. 


The  arm  is  a  lever 


Experiment  51 

Question:  What  is  the  Law  of  the 
Lever? 

Materials:  A  small  piece  of  wood  for 
use  as  a  fulcrum;  a  2-foot  rule;  weights 
of  16,  8,  and  4  ounces. 

Directions :  (a)  Place  the  rule  on  the 
fulcrum  and  slide  it  along  until  it  just 
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How  does  the  see-saw  in  this  picture  demonstrate  the  Law  of  the  Lever? 


balances.  You  will  find  that  the  12-inch 
mark  is  just  over  the  fulcrum. 

( b )  Place  the  center  of  the  8-ounce 
weight  (call  this  weight  the  effort  E ) 
just  over  the  2-inch  mark  on  the  rule. 
Slide  the  16-ounce  weight  along  the  rule 
on  the  opposite  side  of  the  fulcrum  un¬ 
til  the  rule  just  balances.  (Call  the  16- 
ounce  weight  the  resistance  R) .  You 
will  find  that  R  must  be  placed  j  ust  over 
the  17-inch  mark.  Calculate  the  distance 
of  E  and  R  from  the  fulcrum.  Record 
all  your  results  in  the  table.  Call  the  dis¬ 
tance  of  E  from  the  fulcrum,  D.  Call  the 
distance  of  R  from  the  fulcrum,  D'. 
Write  the  following  table  in  your  note¬ 
book. 

Table. — To  make  the  rule  balance 

when  the  8-ounce  weight  E  was . 

inches  from  the  fulcrum,  I  had  to  put 

the  16-ounce  weight  R . inches 

from  the  fulcrum.  E  = . ounces. 

D  = .  inches.  R  = . 

ounces.  D'  — . inches. 

(c)  Multiply  E  by  D.  Multiply  R  by 
D'.  Notice  that  you  obtain  the  same  re¬ 


sult  in  both  cases.  This  fact  is  always 
true  and  is  known  as  the  law  of  the 
lever. 

( d )  To  confirm  your  result,  place  the 
4-ounce  weight  10  inches  from  the  ful¬ 
crum  and,  using  the  law  you  have  just 
found,  calculate  where  you  must  put  the 
8-ounce  weight  to  balance  the  lever. 
Place  the  8-ounce  weight  on  the  calcu¬ 
lated  position  and  see  that  the  lever 
really  does  balance. 

In  this  experiment,  pay  no  attention 
to  the  weight  of  the  rule.  It  is  also  diffi¬ 
cult  to  place  the  weights  exactly  over 
the  proper  marks.  For  these  reasons 
your  results  may  not  be  exact.  If  you 
repeat  them  a  number  of  times  and  take 
the  average  of  the  results,  you  will  find 
that  the  law  is  true.  The  better  your  ap¬ 
paratus  and  the  more  care  you  use  in 
carrying  out  directions,  the  more  nearly 
you  will  accurately  illustrate  the  law. 

Diagram:  Show  the  rule  balanced  on 
the  fulcrum  and  two  weights  in  posi¬ 
tion.  Be  sure  to  mark  weights  and  dis¬ 
tances  properly. 
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Conclusion:  Answer  the  question. 
Practical  application:  1.  To  move  a 
heavy  stone,  using  a  heavy  bar  as  a 
lever,  should  the  fulcrum  be  placed  near 
your  hand  or  near  the  stone?  Why?  2. 
Explain  how  an  ordinary  equal-arm  bal¬ 
ance  illustrates  the  law  of  the  lever. 

Experiment  52 

Question:  I  learned  that  energy  can 
neither  be  created  nor  destroyed.  With 
a  lever,  I  can  lift  a  16-ounce  weight,  us¬ 
ing  only  an  8-ounce  effort.  Does  this  not 
contradict  what  I  learned  about  energy? 

Materials:  A  2-foot  rule;  a  1-foot 
rule;  weights  of  8  and  16  ounces;  a  ful¬ 
crum. 

Directions:  (a)  Put  the  2-foot  rule  on 
the  fulcrum,  the  8-ounce  weight  (call 
this  weight  E)  at  one  end  and  the  16- 
ounce  weight  (call  this  weight  R)  at 
the  other  end.  Slide  the  rule  along  on 
the  fulcrum  until  it  balances. 

(6)  Taking  care  to  avoid  changing 
the  position  of  the  lever  on  the  fulcrum, 
press  the  end  carrying  the  8-ounce 
weight  E  to  the  table.  Measure  the  dis¬ 
tance  the  16-ounce  weight  R  is  from  the 
table.  Record  the  result  in  the  table. 

(c)  Press  the  end  carrying  the  16- 
ounce  weight  R  to  the  table.  Measure 
the  distance  the  8-ounce  weight  E  is 
from  the  table.  Write  and  fill  in  the  fol¬ 
lowing  table  in  your  notebook. 

Table 

The  rule  balanced  when  the  fulcrum  was 

at  the . inch  mark. 

When  E  is  at  the  table  level,  R  is . 

inches  from  the  table. 

When  R  is  at  the  table  level,  E  is . 

inches  from  the  table. 

The  weight  E  (8  oz.)  therefore  moves 

.  inches  while  the  weight  R 

(16  oz.)  is  moving . inches. 


(d)  Multiply  E  by  the  distance  it 
moves.  Multiply  R  by  the  distance  it 
moves.  Your  results  should  be  the  same, 
showing  that  the  law  of  energy  has  not 
been  proved  untrue.  What  you  have 
gained  by  being  able  to  move  a  large 
weight  with  a  small  one,  you  have  lost 
by  having  to  move  the  smaller  weight  a 
longer  distance.  This  is  always  true  in 
machines.  We  can  get  nothing  more  out 
of  the  machine  than  we  put  in,  but  we 
can  exchange  moving  a  large  resistance 
a  short  distance  for  moving  a  small  ef¬ 
fort  a  large  distance. 

Diagram:  Show  the  arrangement  of 
the  lever  and  weights. 

Conclusion:  Answer  the  question,  and 
explain  how  you  found  your  answer. 

Practical  application:  A  cheat  made  a 
balance  having  the  fulcrum  so  placed 
that  one  arm  A  of  the  balance  was  7 
inches  long  and  the  other  arm  B  was 
only  5  inches  long.  When  he  bought,  he 
placed  the  goods  on  one  pan,  and  when 
he  sold,  he  placed  the  goods  on  the 
other  pan.  1.  Did  he  use  pan  A  or  B  for 
goods  to  be  sold?  If  you  wish  to  do  so, 
you  may  calculate  just  how  much  he 
cheated,  for  you  will  see  that  a  7-pound 
weight  in  pan  B  will  just  balance  a  5- 
pound  weight  in  pan  A.  2.  If  you  bought 
10  pounds  of  butter  (real  weight)  at  50 
cents  a  pound,  what  did  the  butter  seem 
to  weigh  in  the  dishonest  scales,  and 
what  was  the  overcharge? 

In  the  case  above,  the  difference  in 
the  length  of  the  arms  is  so  great  that 
you  would  notice  it.  If  the  difference  is 
made  small,  you  might  not  notice  it,  but 
the  grocer  or  the  butcher  would  be  giv¬ 
ing  short  weight  all  the  time.  To  prevent 
this,  balances  are  tested  by  the  govern¬ 
ment  and  sealed.  That  is,  they  are 
stamped  to  certify  that  they  give  an  hon¬ 
est  weight.  Look  at  the  next  scale  that 
you  see  and  find  the  mark  of  the  sealer. 


Chapter  Seventeen 

Other  Simple  Machines 


Pulleys.  Have  you  ever  helped 
to  hoist  sail?  (Fig.  D.)  If  not,  per¬ 
haps  you  have  watched  the  ropes  run 
through  the  pulleys  on  a  derrick. 
One  man  with  a  block  and  tackle 
once  pulled  an  automobile  out  of  a 
ditch  after  six  men  failed  to  push  it 
out  with  their  shoulders. 

Pulleys  and  gear  wheels  are  really 
modified  levers.  The  science  of  these 
machines  is  easy  to  understand  if 
you  have  grasped  the  principle  of 
the  lever. 

A  pulley  is  a  grooved  wheel 
(called  the  sheave)  supported  in 
such  a  way  that  the  wheel  can  turn 
freely.  A  rope  passes  over  the  groove 
as  shown  in  Figure  Ai.  Two  or  three 
pulley  wheels  may  be  mounted  in 
the  same  block,  so  that  by  using  two 
pulleys,  one  can  make  such  an  ar¬ 
rangement  as  shown  in  Figure  Ci. 
With  a  pulley  one  can  lift  a  body  by 
pulling  downward,  an  easier  job  than 


pulling  upward,  because  you  can  let 
your  weight  do  the  work.  In  chang¬ 
ing  the  direction  of  pull,  by  means  of 
a  pulley  as  in  Figure  B2,  you  neither 
gain  nor  lose  energy.  If  the  resistance 
is  lifted  1  foot,  the  effort  will  go  down 
1  foot,  and  to  lift  a  100-pound 
weight  will  require  a  pull  of  100 
pounds. 


1  u  ^  2 
Fig.  A.  Pulleys 


Fig.  D.  Pulleys 
hoisting  a  sail 


Fig.  B.  You  pull  in  con¬ 
venient  direction 
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Fig.  C.  You  save  effort 
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With  several  pulleys  arranged  as 
in  Figure  Ci  you  can  lift  heavier 
weights  by  smaller  effort.  If  you  will 
look  at  Figure  C2,  you  will  see  that 
when  the  effort  E  is  pulled  down  2 
feet,  each  rope  (A  and  B)  will  be 
shortened  1  foot,  and  the  weight  R 
will  be  lifted  1  foot.  Here  we  have 
an  advantage  similar  to  that  gained 
by  the  use  of  a  lever.  Moving  the  ef¬ 
fort  2  feet  moves  the  resistance  only 
1  foot.  An  effort  of  50  pounds  can 
overcome  a  resistance  of  100  pounds, 
but  the  resistance  will  move  only  one 
half  the  distance  that  the  effort 
moves.  Imagine  that  in  Figure  C2 
the  rope  E  is  pulled  4  feet.  How  much 
will  each  of  the  ropes  supporting  the 
weight  be  shortened?  What  effort 
will  be  required  to  lift  the  100-pound 
weight? 

When  you  wish  to  lift  a  heavy 
weight  with  a  moderate  effort,  you 
may  use  two  pulleys  as  in  Figure  Ci. 
In  this  case,  you  will  see  that  there 
are  6  ropes  between  the  2  pulleys,  all 
of  which  are  shortened  when  the 
weight  is  lifted.  If  then  the  rope 
marked  “effort”  E  is  pulled  down  6 
feet,  each  of  these  6  ropes  will  be 
shortened  1  foot.  The  distance  that 
the  effort  moves  is  6  and  the  distance 
that  the  resistance  moves  is  1,  and  an 
effort  of  50  pounds  can  overcome  a 
resistance  6  times  as  great,  or  300 
pounds. 

Mechanical  advantage.  In  the 
last  case  of  the  pulleys,  you  found 
that  an  effort  of  1  would  lift  a  re¬ 
sistance  of  6.  This  ratio  between  R 
(resistance)  and  E  (effort)  is  called 


the  mechanical  advantage  of  the 
machine.  Thus  the  mechanical  ad¬ 
vantage  of  this  arrangement  of  pul¬ 
leys  is  described  as  6  divided  by  1, 
or  6. 

Efficiency.  If  you  will  try  in  the 
laboratory  the  actual  arrangement  of 
two  pulleys,  as  shown  in  Figure  Ci, 
you  will  find  a  difference  between 
theory  and  practice.  In  theory  a 
weight  of  6  ounces  should  be  lifted 
by  an  effort  of  1  ounce.  In  practice 
you  will  find  that  a  weight  of  6 
ounces  will  require  somewhat  more 
than  an  effort  of  1  ounce,  because 
the  effort  must  not  only  lift  the  re¬ 
sistance  but  must  turn  the  wheel 
(sheave)  in  the  pulley,  must  bend 
the  rope  around  the  pulley,  and  must 
overcome  other  mechanical  de¬ 
ficiencies  in  the  apparatus.  The  more 
flexible  the  rope,  the  less  effort  will 
be  required  to  bend  it.  The  smoother 
and  more  polished  are  the  bearings 
on  which  the  pulley  wheel  turns,  the 
less  effort  will  be  required  to  turn 
the  wheel.  The  more  nearly  perfect 
the  pulley,  the  less  the  loss. 

Suppose  you  find  that  if  you  use  a 
very  stiff  rope  and  pulleys  with  very 
rusty  bearings,  it  actually  requires 
an  effort  of  60  pounds  to  lift  a  300- 
pound  weight.  In  theory  an  effort  of 
50  pounds  would  lift  the  weight.  In 
practice  you  find  that  for  every  50 
pounds  of  useful  effort,  it  is  neces¬ 
sary  to  expend  about  10  pounds  of 
wasted  effort.  If  you  polished  the 
bearings  a  little  and  used  a  some¬ 
what  more  flexible  rope,  you  might 
be  able  to  get  your  effort  down  to  55 


pounds.  In  this  case  you  would  have 
only  5  pounds  of  wasted  effort.  The 
nearer  your  actual  effort  comes  to 
the  theoretical  effort,  the  less  is  the 
wasted  effort  and  the  more  efficient 
the  machine.  Calling  the  effort  that  is 
put  into  a  machine  100  and  the  work 
that  is  taken  out  of  the  machine  60, 
the  efficiency  of  the  machine  will  be 
60  divided  by  100,  or  60  per  cent. 
The  efficiency  of  the  toy  motors  run 
by  a  dry  battery  may  be  as  low  as  15 
per  cent,  while  the  efficiency  of  a 
large  electric  motor  may  rise  to  96 
per  cent.  The  higher  the  efficiency, 
the  less  energy  the  machine  wastes 
and  the  better  it  is. 

Wheel  and  axle.  The  picture 
shows  another  simple  machine, 
which  you  have  perhaps  seen  used 
to  lift  a  bucket  of  water  from  a  well. 
It  is  called  a  windlass.  It  is  really  a 
modification  of  a  lever.  When  the 
handle  has  made  one  complete  turn, 
the  rope  will  have  wound  around 
the  cylinder  one  turn.  If  the  cir¬ 
cumference  of  the  circle  made  by 
the  handle  measures  6  feet  and  the 
length  of  the  rope  wound  on  the 
cylinder  is  1  foot,  then  the  effort  has 
moved  6  while  the  resistance  moves 
1.  An  effort  of  10  pounds  applied  on 
the  handle  of  such  a  windlass  will 
overcome  a  resistance  of  60  pounds, 
or  will  lift  a  bucket  of  water  weigh¬ 
ing  60  pounds  from  the  well.  Here, 
again,  we  are  neglecting  in  this  dis¬ 
cussion  the  effort  necessary  to  turn 
the  cylinder  in  its  bearings  and  to 
bend  the  rope  around  the  cylinder. 
Practically,  therefore,  the  mechani- 
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Two  uses  of  the  windlass 

cal  advantage  of  the  wheel  and  axle 
is  always  somewhat  less  than  you 
might  expect  it  to  be ;  or,  to  put  it  an¬ 
other  way,  the  efficiency  of  the  wheel 
and  axle  is  always  less  than  100  per 
cent. 

A  ship’s  capstan  is  another  good 
example  of  the  wheel  and  axle.  It 
consists  of  an  upright,  revolving 
drum  that  can  be  pushed  around  with 
the  capstan  bars  placed  in  the  open¬ 
ings  of  the  drum.  The  longer  the  cap¬ 
stan  bar,  the  greater  the  resistance 
that  can  be  overcome,  but  also  the 
longer  the  distance  that  a  sailor  push¬ 
ing  the  bar  must  walk.  Such  a  device 
used  with  4  or  6  capstan  bars  can 
lift  a  heavy  anchor. 

The  steering  wheel  of  an  automo¬ 
bile  is  another  case  of  levers  and 
wheel  and  axle.  The  driver’s  hands 
supply  the  effort,  while  the  friction 
of  the  tire  on  the  road  offers  the  chief 
resistance.  Examine  carefully  this 
device  on  your  automobile  and  you 
can  readily  trace  the  action  of  the 
different  parts  involved. 
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The  inclined  plane.  The  log  is  drawn  up  the  inclined  plane  to  the  top  of  the 
load  by  loops  of  chain  pulled  from  the  other  side  of  the  load 


Skids,  or  the  inclined  plane. 

It  often  happens  that  a  truckman 
wishes  to  load  into  his  truck  a  barrel 
that  is  too  heavy  for  him  to  lift.  To 
do  this  he  uses  an  inclined  plane. 
The  truckman  places  two  long  poles 
reaching  from  the  back  of  his  truck 
to  the  ground.  He  then  rolls  the  heavy 
barrel  up  these  poles.  If  the  end  of 
his  truck  is  3  feet  from  the  ground, 
he  must  lift  the  barrel  3  feet,  but  if 
his  poles  (skids)  are  6  feet  long,  he 
rolls  the  barrel  over  a  distance  of  6 
feet.  By  using  the  skids,  he  exerts  a 
smaller  effort  over  a  longer  distance 
instead  of  the  greater  effort  over  the 
short  distance  of  the  direct  lift.  If 
the  barrel  weighs  200  pounds  and  is 
lifted  3  feet,  resistance  times  the  dis¬ 
tance  moved  will  be  600.  If  the  skids 
are  6  feet  long,  the  distance  through 
which  the  effort  moves  will  be  6  feet, 
and  the  effort  itself  must  equal  100 
pounds.  The  longer  the  skids,  the 
smaller  the  effort  to  roll  the  barrel 


into  the  truck,  but  also  the  greater 
the  distance  through  which  the  truck¬ 
man  must  roll  the  barrel. 

The  screw.  The  screw  jack  used 
to  raise  an  automobile  is  a  familiar 
machine.  The  screw  is  an  inclined 
plane,  wound  around  a  cylinder.  If 
you  have  given  a  screw  one  complete 
turn,  you  have  driven  the  screw  into 
the  wood  a  distance  equal  to  the  dis¬ 
tance  between  two  of  the  grooves  on 
the  screw.  Theoretically,  by  making 
the  distance  between  the  grooves 
small  and  the  head  of  the  screw  large, 
it  is  possible  to  secure  a  very  great 
mechanical  advantage.  However,  the 
friction  of  the  screw  turning  in  the 
wood  or  metal  is  so  great  that  its  ef¬ 
ficiency  is  very  small.  You  are,  of 
course,  familiar  with  the  uses  of  the 
wood  screw  and  the  use  of  machine 
bolts  in  the  automobile.  The  finer  the 
thread,  the  greater  the  mechanical 
advantage  of  the  screw  but  also  the 
more  likely  the  thread  is  to  strip. 
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A  screw  is  an 
inclined  plane 
winding  around 
an  inverted  cone 
or  cylinder 


Friction.  You  are  familiar  with 
friction;  but  just  what  is  it?  No  mat¬ 
ter  how  smooth  two  metal  surfaces 
may  seem  to  be,  if  you  examine  them 
under  the  microscope,  you  will  find 
that  the  surface  of  the  metal  is,  in 
reality,  rough.  In  the  drawing,  two 
polished  metal  blades  are  shown  and 
a  highly  magnified  view  of  a  section 
of  the  blades,  showing  that  they  are 
rough.  To  slide  one  of  these  blades 
over  the  other  requires  that  the  hills 
and  valleys  of  one  blade  be  pushed 
over  the  hills  and  valleys  of  the  other. 
Evidently  the  rougher  the  blade,  the 
higher  the  hills  will  be,  and  the  more 
effort  will  be  required  to  push  one 
surface  over  the  other.  This  resist¬ 
ance  to  motion  is  called  friction .  The 
smoother  is  the  surface,  the  less  the 
friction.  The  roughness  of  the  sur¬ 
faces  in  contact  is  an  important 
cause  of  friction.  When  you  study 
physics,  you  will  learn  additional 
causes  much  more  difficult  to  under¬ 
stand. 


Two  surfaces  magni¬ 
fied.  What  is  a  cause 
of  friction? 


tus-t  industries,  me. 

How  do  the  ball  and  the  roller  bear¬ 
ings  reduce  friction? 


If  a  drop  of  oil  is  put  between  the 
two  surfaces,  the  oil  will  fill  up  the 
depressions;  the  upper  surface 
will  really  rest  on  a  film  of  oil,  and 
there  will  be  greatly  diminished 
friction.  Rolling  friction  is  less  than  v 

sliding  friction,  and  for  this  reason 
roller  bearings  (shown  above)  are 
used  in  many  machines.  A  still  more 
efficient  bearing  is  the  ball  bearing 
(shown  above)  used  in  bicycles,  au¬ 
tomobiles,  and  many  other  machines. 

The  next  time  you  are  in  a  garage, 
ask  the  mechanic  to  show  you  some 
of  the  many  ball  bearings  used  in 
automobiles. 

Friction  a  friend.  Although  we 
are  constantly  struggling  to  reduce 
friction  in  machinery,  we  should 
have  an  awkward  time  if  we  banished 
friction  from  the  earth.  When  ice  and 
water  reduce  the  friction  of  your 
shoes  on  the  walk,  it  is  awkward  if 
not  dangerous.  Athletes  wear  spikes 
in  their  shoes  to  increase  the  friction 
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between  their  shoes  and  the  ground. 
When  wet  ice  or  oil  on  the  street  re¬ 
duces  the  friction  of  automobile 
tires,  there  may  be  a  skid  and  a  crash. 
Indeed,  it  is  friction  of  tire  with 
street  surface  that  makes  it  possible 
for  an  automobile  to  go  along  the 
street.  It  is  the  friction  of  the  driving 
wheel  on  the  rail  that  makes  it  pos¬ 
sible  for  a  locomotive  to  pull  a  train. 
If  the  rail  is  covered  with  ice  or 
oil,  the  driving  wheel  slips,  and  it 
is  difficult  for  the  engineer  to  get 
up  speed  until  he  has  put  sand  on 
the  track  to  increase  the  friction. 
Friction  of  the  nail  or  screw  in  the 
wood  hold  a  box  together.  Friction 
of  the  brake  on  the  wheel  stops  the 
speeding  car.  Like  many  other 
things,  friction  is  a  friend  or  an  en¬ 
emy,  depending  on  where  the  fric¬ 
tion  occurs. 

Starting  and  stopping.  Did  you 

ever  help  to  push  a  stalled  automo¬ 
bile?  It  was  hard  to  get  it  started,  but 
once  started,  it  moved  along  without 
a  great  deal  of  effort.  If  you  have  not 
had  that  experience,  perhaps  you 
have  noticed  the  same  thing  in  riding 
a  bicycle  or  you  have  started  a  bar¬ 
rel  rolling  or  a  box  sliding  or  have 
pulled  a  wagon  carrying  a  little  sister 
or  brother.  You  know  that  an  auto¬ 
mobile  is  started  in  low  gear  because 
the  low  gear  has  more  power.  You 
have  seen  a  locomotive  make  a  great 
fuss  in  getting  started.  All  of  these 
examples  show  something  that  is 
constantly  opposing  the  efforts  of  ma¬ 
chines  and  men.  There  is  a  constant 
tendency  of  a  body  at  rest  to  remain 


at  rest  unless  acted  upon  by  an  out¬ 
side  force.  This  tendency  is  called 
inertia. 

Moving  things  also  have  inertia. 
It  is  the  inertia  of  a  moving  automo¬ 
bile  that  makes  brakes  necessary.  It 
is  the  inertia  that  smashes  the  car 
against  a  pole  if  the  driver  does  not 
put  his  foot  on  the  brake  in  time.  It 
is  the  inertia  of  the  batted  ball  that 
carries  it  smashing  through  a  win- 
dowpane. 

Inertia  is  the  tendency  of  a  body 
at  rest  to  remain  at  rest,  and  of  a 
body  in  motion  to  continue  moving 
without  changing  the  direction  or 
speed  of  motion,  unless  acted  on  by 
an  outside  force. 

A  speeding  car  is  harder  to  stop 
than  a  slow  car.  A  fast  ball  is  more 
difficult  to  stop  than  a  slow  one. 
When  you  are  driving  a  car,  riding  a 
bicycle,  or  skating,  it  is  more  diffi¬ 
cult  to  turn  a  sharp  corner  when  you 
are  going  fast  than  when  you  are  go¬ 
ing  slowly. 

Weight,  too,  increases  the  diffi¬ 
culty  of  starting,  stopping,  and 
changing  direction.  With  an  out¬ 
stretched  hand  you  can  stop  a  toy 
wagon,  but  not  an  automobile  going 
at  exactly  the  same  speed. 

Speed  and  weight  together  deter¬ 
mine  how  much  force  we  need  to 
stop,  to  start,  or  to  change  motion. 
A  little  more  scientifically  we  say 
that  the  quantity  of  motion  or  mo¬ 
mentum  is  due  to  weight  and  velocity 
(speed).  We  calculate  the  momen¬ 
tum  by  multiplying  the  weight  by  the 
velocity. 


Of  course  people  were  aware  of 
these  things  in  a  general  way  a  long 
while  before  there  was  any  true  sci¬ 
ence,  but  we  have  learned  to  use  them 
in  the  construction  of  great  machines 
only  since  they  have  been  expressed 
in  the  simple  and  exact  statements  of 
laws  of  science.  The  laws  of  motion, 
some  of  which  we  have  been  discus¬ 
sing,  were  first  stated  by  one  of  the 
greatest  scientists  of  all  time,  an 
Englishman,  Sir  Isaac  Newton 
(1642-1727).  The  start  of  modem 
science  was  in  a  large  measure  due 
to  his  clear  thinking.  You  will  find 
other  discoveries  of  Newton  as  you 
proceed  in  your  study  of  science. 

How  machines  help.  Friction, 
weight,  and  inertia  make  work  hard. 
Machines  are  man’s  means  of  over¬ 
coming  them.  A  lever  enables  a  man 
to  overcome  the  weight  of  a  heavy 
rock.  Roller  and  ball  bearings  and 
wheels  help  to  overcome  friction  and 
inertia. 

Machines  also  make  use  of  fric¬ 
tion,  weight,  and  inertia.  The  weight 
of  a  locomotive  gives  the  friction 
with  the  track  necessary  for  the  use 
of  its  power.  The  momentum  of  a 
falling  body  drives  piles.  The  inertia 
of  moving  machinery  gives  a  smooth 
ride  instead  of  a  jerky  one  as  one 
cylinder  of  an  automobile  fires  after 
another.  So  the  engineer,  who  uses 
the  findings  of  the  scientist  to  build 
machinery,  balances  one  force  of 
nature  against  another. 

Each  simple  machine  does  one  or 
more  things  better  than  we  could  do 
them  without  the  machine.  (1)  A 


C.  A.  Douglas  from  Gendreau 

The  pile  driver  does  its  work  by  the 
momentum  of  a  falling  weight 


machine  may  enable  us  to  do  a  great 
amount  of  work  with  reduced  effort, 
as  when  we  pry  up  a  heavy  rock  with 
a  lever.  (2)  It  may  increase  speed,  as 
when  a  large  cogwheel  turns  a  small 
cogwheel,  or  it  may  reduce  the  speed, 
as  when  a  little  cogwheel  turns  a  big 
one.  (3)  It  may  enable  us  to  exert  a 
force  in  a  more  convenient  direction, 
as  a  pulley  to  haul  up  a  bale  of  hay 
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or  a  steering  wheel  to  turn  an  auto¬ 
mobile.  (4)  It  may  do  the  work  more 
accurately,  as  when  a  compass  draws 
a  circle. 

Experiment  53 

Question:  What  is  the  advantage  of 
arranging  pulleys  in  various  ways? 

Materials:  Single-,  double-,  and  triple- 
sheaved  pulley  blocks;  stout,  flexible 
cord;  a  pound  weight;  a  delicate  spring 
balance  reading  to  fractions  of  an  ounce. 

Directions:  (a)  Mount  a  single  pul¬ 
ley  as  shown  in  A  on  the  diagram.  Pass 
a  cord  over  the  groove  in  the  sheave 
(wheel).  Tie  a  pound  weight  to  one  end 
of  the  cord,  and  the  spring  balance  to 
the  other  end.  Pull  the  cord  down  by 
means  of  the  spring  balance  until  you 
raise  the  weight  from  the  table.  1.  For 
every  inch  of  the  cord  that  you  pull 
down  after  the  weight  has  been  raised, 
how  many  inches  do  you  raise  the 
weight?  2.  Read  the  spring  balance. 
What  effort  was  required  to  lift  the 
pound  weight?  3.  What  is  the  only  thing 
that  this  particular  arrangement  of  a 
pulley  does?  4.  What  is  the  advantage  of 
this  arrangement? 

( b )  Mount  a  single  pulley  as  shown 
in  B  on  the  diagram.  Pass  a  cord  over 
the  groove  in  the  sheave.  Tie  a  pound 
weight  to  one  end  of  the  pulley.  Attach 
the  spring  balance  to  the  free  end  of 
the  cord.  Raise  the  spring  balance  until 


the  weight  is  raised  from  the  table.  1. 
For  every  inch  of  cord  that  passes 
through  the  pulley,  how  many  inches  do 
you  raise  the  weight?  2.  What  effort 
was  required  to  raise  the  pound  weight? 
3.  What  is  the  advantage  of  this  pulley 
arrangement? 

(c)  Mount  two  double  pulleys  as 
shown  in  C  on  the  diagram.  Pass  the 
cord  around  the  sheaves  and  hang  the 
weight  on  the  pulley  as  shown.  Pull 
down  on  the  cord  until  you  raise  the 
weight.  1.  For  every  inch  of  cord  that 
passes  through  the  pulley,  how  many 
inches  is  the  weight  raised?  2.  What  is 
the  advantage  of  this  pulley  arrange¬ 
ment? 

(d)  Using  the  same  arrangement  of 
pulleys  as  in  C,  attach  the  spring  bal¬ 
ance  to  the  loose  end  of  the  cord  as 
shown  in  D  on  the  diagram.  Pull  the 
spring  balance  until  you  have  lifted  the 
weight  from  the  table.  Read  the  bal¬ 
ance.  1.  How  many  ounces  of  effort  are 
required  to  overcome  the  resistance  of 
1  pound  (16  ounces)  ?  Remember  the 
law  of  the  lever  and  that  this  law  ap¬ 
plies  generally  to  machines.  2.  From 
your  answer  to  question  (c)  1,  how 
should  you  expect  the  spring  balance  to 
read?  3.  How  near  does  it  come  to  this 
reading?  4.  What  might  be  one  cause  of 
any  difference? 

Diagram:  Show  the  different  arrange¬ 
ment  of  the  pulleys. 
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Conclusion:  Answer  the  question. 

Practical  application:  You  wish  to 
raise  a  barrel  weighing  150  pounds.  The 
greatest  effort  that  you  can  exert  is  25 
pounds.  Draw  an  arrangement  of  pul¬ 
leys  showing  how  you  could  raise  the 
barrel  to  a  higher  level. 

Pulleys  are  often  used  in  construction 
work.  The  next  time  you  pass  a  build¬ 
ing  that  is  being  erected,  see  how  many 
examples  you  can  find  of  their  use. 

Experiment  54 

Problem:  Show  an  easy  way  to  put  a 
barrel  on  a  truck. 

Material:  A  board  32  inches  long  and 
5  or  6  inches  wide;  pile  of  books  16 
inches  high ;  a  toy  car ;  weights  to  fill  the 
car;  cord  spring  balance. 

Directions:  ( a )  Load  the  car  so  that 
it  weighs  1  or  2  pounds.  Attach  the  bal¬ 
ance  and  lift  the  car  vertically  (B  in 
the  diagram).  Record  this  weight  in 
table  under  results  as  the  effort  required 
to  raise  vertically. 

(6)  Place  one  end  of  the  board  on 
the  pile  of  books  16  inches  high.  Attach 
balance  to  car  and  pull  car  up  the  in¬ 
cline  (A  in  the  diagram) .  Record  the  ef¬ 
fort  in  the  table. 

(c)  Lower  the  end  of  the  board  so 
that  its  height  is  \  its  length.  Again 
pull  up  the  car  and  record  the  effort. 

(d)  Again  reduce  the  height  to  ^ 
the  length.  Record  the  effort  to  pull  the 
car.  Fill  in  the  results  on  a  table  like 
the  following: 

Table 

Results: 

Effort  required  to  lift  vertically . 

Effort  when  height  is  length . 

Effort  when  height  is  \  length . 

Effort  when  height  is  i  length . 


plane  would  the  car  have  to  travel  the 
farthest  to  reach  a  given  height?  2.  The 
ascent  of  which  plane  required  the 
least  effort? 

Practical  application:  1.  If  a  man  has 
to  roll  barrels  upon  a  truck,  should  he 
use  long  or  short  skids?  2.  If  two  men 
were  rolling  each  barrel,  could  the  skids 
be  shorter  or  must  they  be  longer?  3. 
Why  is  it  easier  to  walk  up  a  gently 
sloping  ramp  than  it  is  to  walk  up  a 
flight  of  stairs,  when  both  land  you  at 
the  same  level? 

In  factories  and  in  loading  trucks, 
skids  are  often  used.  When  skids  are 
used,  the  barrel  is  rolled  a  greater  dis¬ 
tance  than  if  it  is  lifted  vertically,  but 
the  effort  required  to  move  the  barrel  is 
less.  This  makes  it  possible  for  one  man 
to  do  work  that  otherwise  would  require 
the  labor  of  several  men,  and  this  is 
often  a  convenience. 

Ramps  are  used  to  make  the  motion 
of  crowds  easier,  as  in  railroad  stations 
or  other  buildings.  They  are  also  used 
in  large  garages. 

How  do  engineers  who  build  rail¬ 
roads  make  use  of  inclined  planes  in  the 
road  beds?  how  do  highway  engineers 
use  inclined  planes? 

A  wedge  used  to  split  wood  is  an  in¬ 
clined  plane.  How  does  the  angle  of  the 
wedge  effect:  (1)  ease  of  driving?  (2) 
speed  of  splitting? 
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A  sheet  of  paper  wound 
around  a  rod  illustrates  the 
principle  of  the  screw 


Experiment  55 

Question:  1.  What  is  the  relation  be¬ 
tween  an  inclined  plane  and  a  screw? 
2.  Of  what  use  is  a  screw  jack? 

Materials:  Two  triangular  pieces  of 
paper  which  represent  inclined  planes; 
(both  are  2  inches  high,  one  is  4  and  the 
other  is  8  inches  long)  ;  a  wooden  rod  6 
inches  long  and  i  inch  in  diameter;  a 
large  machine  bolt  having  a  coarse 
thread  with  nut;  a  screw  jack. 

Directions:  {a)  Starting  at  the  wide 
end  of  the  paper,  wrap  the  8-inch  long 
triangular  piece  of  paper  around  one 
end  of  the  wooden  rod.  Fasten  the  end 
by  pasting  it  down.  You  will  see  in  the 
cut  that  the  slanting  edge  of  the  paper, 
which  represents  an  inclined  plane,  now 
forms  a  spiral  around  the  rod.  To  make 
the  spiral  more  distinct,  outline  it  with 
a  blue  pencil.  Compare  the  blue  out¬ 
line  with  the  machine  bolt,  and  you  will 
see  that  by  winding  up  the  inclined 
plane  you  have  changed  it  into  a  spiral, 
and  that  this  spiral  represents  the 
thread  (cut-out  portion)  of  a  screw. 
We  call  the  distance  between  two  threads 
(the  distance  between  two  of  the  blue 
marks)  the  pitch  of  the  screw.  Examine 
the  machine  screw  nut,  and  you  will  see 
a  thread  cut  around  the  hole  which  goes 
through  it. 

(6)  Wrap  the  4-inch  long  piece  of 
paper  around  the  middle  of  the  wooden 
rod,  just  as  you  did  the  8-inch  piece. 


Fasten  the  end  and  outline  the  spiral. 
Compare  the  two  spirals.  You  will  see 
that  the  pitch  (the  distance  between  two 
threads)  of  the  second  screw  is  greater 
than  that  of  the  first. 

(c)  Compare  the  spirals  you  have 
made  with  the  thread  of  the  machine 
bolt.  You  will  see  that  they  are  similar. 
If  you  wish,  you  can  file  out  the  spiral 
that  you  have  marked,  and  thus  change 
the  inclined  plane  into  a  real  screw.  A 
screw,  then,  is  really  an  inclined  plane 
wound  up  into  a  spiral.  If  the  rod  on 
which  you  wound  the  paper  had  tapered, 
you  would  have  made  a  spiral  that 
would  represent  an  ordinary  tapered 
wood  screw. 

Put  the  edge  of  your  finger  nail  into 
one  of  the  threads  of  the  machine  bolt. 
Turn  the  bolt.  Notice  that  giving  the 
bolt  one  complete  turn  has  moved  your 
finger  nail  forward  the  distance  between 
two  threads.  The  coarser  the  thread,  the 
farther  your  finger  nail  will  move.  The 
coarser  the  thread  of  a  screw,  the  harder 
it  is  to  turn. 

( d )  Both  of  the  triangular  papers 
that  you  used  were  2  inches  high.  They 
represented  two  inclined  planes,  one  4 
and  the  other  8  inches  long.  1.  If  equal 
weights  were  being  pulled  up  these  two 
inclined  planes,  on  which  one  would  the 
greater  effort  be  required?  2.  Which, 
then,  of  the  two  screws  that  you  made 
would  require  the  greater  effort  to  turn 
if  it  were  being  used  in  a  screw  jack  to 
raise  a  weight?  3.  Why  is  the  thread  on 
machine  screws  sometimes  made  fine 
and  sometimes  made  coarse? 

(e)  Place  on  the  head  of  a  screw  jack 
as  heavy  a  weight  as  you  can  lift.  Give 
the  screw  several  turns.  Why  does  it 
require  less  effort  to  turn  the  screw  jack 
than  it  did  to  lift  the  weight  upon  its 
head? 

Diagram:  Show  the  two  triangular 
pieces  of  paper,  and  the  papers  wound 
around  the  rod;  the  machine  bolt  and 
nut;  the  screw  jack. 
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Conclusion:  Answer  questions  1  and 2. 

Practical  application:  The  finer  the 
thread  of  a  screw,  the  easier  it  is  to  turn 
the  screw  and  the  less  distance  the  screw 
will  advance.  Why  have  automobile 
bolts  a  finer  thread  than  a  stove  bolt? 

Screw  jacks  are  used  whenever  tre¬ 
mendous  weights  have  to  be  lifted,  as  in 
lifting  a  building  that  is  to  be  moved. 
Examine  the  construction  of  a  jack 
which  is  used  to  lift  your  automobile, 
and  be  ready  to  discuss  it  in  class. 


Experiment  56 

Question:  What  makes  an  automobile 
skid? 

Materials:  A  block  of  wood  2X2 
X  6  inches,  having  two  sides  rough  and 
two  sides  smooth;  a  wooden  plank  8 
inches  by  2  feet,  one  side  of  which  is 
smooth  and  the  other  side  rough;  a 
spring  balance  showing  ounces;  nails 
and  hammer. 

Directions :  (a)  Drive  a  tack  into  the 
end  of  the  block  of  wood  and  tie  to  the 
tack  a  string  about  a  foot  long.  Tie  the 
other  end  of  the  string  to  the  spring  bal¬ 
ance.  Put  the  plank,  rough  side  up,  on 
the  table  and  put  on  it  the  wood  block, 
rough  side  down.  This  brings  the  two 
rough  sides  together.  Put  a  pound 
weight  on  the  block  and  then  pull  on  the 
spring  balance  hard  enough  to  move  the 
block  slowly  along  the  plank.  Read  the 
spring  balance.  Try  this  twice,  and  each 
time  take  the  reading  of  the  spring  bal¬ 


ance.  In  your  notebook  make  a  table 
like  the  one  below  and  record  your 
readings  in  it. 


Table 


1 


2 


Aver¬ 

age 


Reading  with  rough 
sides  in  contact 
Reading  with  smooth 
sides  in  contact 


(6)  Turn  the  plank  smooth  side  up 
and  put  the  wood  block  on  it  smooth 
side  down.  Put  the  pound  weight  on  the 
block.  All  things  are  now  just  as  they 
were,  except  that  the  smooth  surfaces 
are  together  instead  of  the  rough  sur¬ 
faces.  Again  pull  the  block  slowly  along 
the  plank.  Try  twice  and  record  your 
readings  in  your  table.  Complete  the  ta¬ 
ble. 

We  call  the  resistance  to  the  motion 
of  the  block  friction.  1.  Is  friction 
greater  when  rough  or  when  smooth 
surfaces  are  in  contact? 

It  is  the  friction  between  the  road  and 
the  rubber  tires  of  an  automobile  that 
holds  the  automobile  on  the  road.  When 
it  rains,  the  city  streets  are  covered  with 
a  slime  of  oil  and  mud.  When  this  hap¬ 
pens,  automobiles  are  likely  to  skid.  2. 
Explain  why  this  is  true. 

Diagram:  Show  the  block  being 
drawn  along. 

Conclusion:  Answer  the  question. 

Practical  application:  What  holds  a 
nail  in  wood?  What  would  happen  to 
wooden  boxes  held  together  with  nails 
if  friction  should  cease  to  exist? 


Chapter  Eighteen 

The  Engine 


The  steam  engine.  The  cave 
man  no  doubt  used  a  lever  and  an  in¬ 
clined  plane.  Men  of  the  New  Stone 
Age  invented  wheels.  Here  were 
all  the  simple  elements  of  modern 
machines,  for  modern  machines  are 
but  intricate  complexes  of  levers, 
wheels,  and  planes.  As  time  went  on, 
water  wheels  were  devised  to  supply 
power  for  machines.  Yet  machinery 
made  relatively  little  advance  until 
man  discovered  how  to  harness 
steam  and  put  it  to  work.  It  was  not 
until  James  Watt  (1736-1819),  a 
Scottish  engineer,  made  the  first 
really  practical  steam  engine,  that 
the  great  substitution  of  mechanical 
power  for  man  power  became  pos¬ 
sible. 

The  actual  mechanism  of  a  steam 
engine  may  be  rather  complicated, 
but  the  principle  is  simple.  The 
round  cylinder  has,  sliding  back  and 
forth  in  it,  a  tightly  fitting  piston, 
as  shown  below.  A  device  called 
a  slide  valve  is  so  arranged  that 


steam  can  be  admitted  to  either  side 
of  the  piston.  Examine  the  diagram. 
Steam  is  passing  from  the  boiler 
through  a  pipe  into  the  cylinder  to 
the  left  of  the  piston  as  is  shown  by 
the  arrows.  The  pressure  of  this 
steam  will  push  the  piston  to  the 
right.  Any  gas  on  the  right  side  of  the 
piston  will  pass  out  through  passages 
as  indicated  by  the  arrows.  When  the 
piston  has  moved  as  far  to  the  right 
as  is  possible,  the  slide  valve  is 
moved  automatically,  reversing  the 
position  of  the  valves  of  the  engine. 
Steam  will  now  be  admitted  to  the 
right  of  the  piston.  The  piston  will 
be  pushed  to  the  left,  and  the  waste 
steam  on  the  left  side  of  the  piston 
will  escape.  This  to-and-fro  motion 
of  the  piston  is  the  source  of  the 
engine’s  power. 

Usually  it  is  necessary  to  convert 
this  to-and-fro  motion  (called  recti¬ 
linear  because  the  piston  moves  in  a 
straight  line)  into  a  rotary  motion. 
This  is  accomplished  by  the  device 


1.  STEAM  ENTERS  FROM 
THE  BOILER 


3.  USED  STEAM  TO  RIGHT  OF 
PISTON  PASSES  OUT  OF 
RIGHT  VALVE  TO  EXHAUST 


2.  STEAM 
PUSHES  PISTON 
TO  RIGHT 


4.  SLIDE  VALVE  MOVES 
TO  LEFT 


5.  STEAM 
ENTERS 
THROUGH 
RIGHT  VALVE 
AND  PUSHES 
PISTON 
TO  LEFT 


6.  USED  STEAM  TO  LEFT  OF 
PISTON  PASSES  OUT  LEFT 


rp,  , .  VALVE  TO  EXHAUST 

Inc  diagram  snows  how  steam  drives  the  piston  of  an  engine 
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STEAM  FROM 
THE' BOILER 


SLIDE 

/VALVE 


RISTON 


The  blades  of  a  steam  turbine.  The 
diagram  shows  how  the  steam  from 
the  nozzle  n  strikes  the  blades 
of  the  wheel 

Westinghouse 


shown  in  the  picture  at  the  right.  If 
you  will  look  at  this  figure  and  im¬ 
agine  the  rod  being  pushed  back  and 
forth,  you  will  see  that  the  final  effect 
will  be  to  make  the  wheel  rotate.  A 
treadle  sewing  machine  or  a  grind¬ 
stone  illustrates  such  a  device  in 
actual  use. 

As  the  piston  moves  back  and 
forth,  the  steam  on  one  side  of  the 
piston  is  pushing  the  piston  along. 
The  steam  on  the  other  side  is  resist¬ 
ing  this  push.  To  avoid  the  loss  due 
to  this  resistance,  the  steam  is  con¬ 
densed  after  it  has  done  its  work, 
thus  relieving  the  pressure  and  mak¬ 
ing  the  engine  more  powerful. 

In  building  operations,  a  small 
steam  engine  is  often  used  as  a  source 
of  power  for  hoisting  the  building 
materials.  When  you  have  the  oppor¬ 
tunity,  examine  one  and  you  will  be 
able  to  learn  more  of  its  actual  oper¬ 
ation. 

Steam  turbine.  Another  method 
of  applying  the  energy  of  compressed 
steam  is  found  in  the  steam  turbine. 


How  a  steam  engine  changes  to-and- 
fro  motion  to  rotary  motion 

It  is  a  “windmill”  driven  by  steam 
instead  of  wind.  This  has  the  advan- 
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CONNECTING 
ROD 


INTAKE  COMPRESSION  IGNITION 


EXPANSION  EXHAUST 


This  diagram  illustrates  the  principle  of  the  gasoline  engine 


tage  that  it  generates  a  rotary  mo¬ 
tion  directly.  Steam  from  jets  (see 
page  141)  is  made  to  strike  small 
buckets  on  the  rim  of  a  wheel.  The 
energy  of  the  expanding  steam  forces 
this  wheel  to  rotate  and  gives  a  source 
of  power.  Many  of  the  large  power 
units  used  in  modern  electric  plants 
use  steam  turbines  as  do  many  large 
ships. 

Putting  explosions  to  work. 

A  gasoline  engine,  as  in  the  automo¬ 
bile,  is  driven  by  a  succession  of  ex¬ 
plosions.  Put  a  very  few  drops  of 
gasoline  in  an  empty  can,  shake  the 
can  for  a  moment,  stand  back  and 
bring  a  match  to  its  mouth.  This  must 
be  done  with  great  care.  There  will 
be  an  explosion.  The  gasoline  vapor¬ 
izes  and  mixes  with  the  air  in  the  can. 
When  you  bring  the  match  to  this 
mixture,  the  vaporized  gasoline 
burns  very  rapidly.  The  hot  gases 
expand  with  tremendous  rapidity 
and  produce  the  explosion.  This  fact 
— that  mixtures  of  inflammable  sub¬ 
stances  and  air  can  produce  an 
explosion — is  the  basis  of  the  gaso¬ 
line  engine  used  so  extensively  in 
automobiles.  The  principle  of  such 
an  engine  is  simple,  although  the 


actual  mechanism,  when  you  exam¬ 
ine  the  engine  of  an  automobile, 
may  seem  to  be  complex. 

In  the  diagram  above,  the  principle 
of  the  gasoline  engine  is  illustrated. 
It  consists  of  a  cylinder,  a  tightly  fit¬ 
ting  piston  moving  in  its  cylinder,  a 
valve  to  admit  the  explosive  mixture, 
another  valve  to  let  out  the  burned 
gases,  and  a  spark  plug  to  furnish  a 
spark  to  ignite  the  explosive  mixture. 

Study  the  figure  carefully.  Begin 
with  the  intake  stroke.  The  piston  is 
descending,  and  the  gas  and  air  mix¬ 
ture  is  entering  the  cylinder  through 
the  intake  valve.  In  the  compression 
stroke  both  valves  are  closed,  and  the 
piston  rises  and  compresses  the  gas. 
When  the  gas  is  compressed,  igni¬ 
tion  occurs  by  an  electric  spark  be¬ 
tween  the  two  points  of  the  spark 
plug.  The  hot  gases  expand  and  drive 
down  the  piston  in  the  power  stroke 
(expansion  in  the  diagram).  Finally 
the  exhaust  valve  opens,  the  piston 
rises  and  forces  out  the  burned  gases 
in  the  exhaust  stroke. 

Since  there  are  four  distinct  ac¬ 
tions  in  such  an  engine,  it  is  known 
as  a  four-cycle  engine.  Of  the  four 
strokes,  only  one  is  a  power  stroke. 
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As  a  result,  the  action  of  such  an  en¬ 
gine  is  irregular.  Early  automobiles 
had  a  one-cylinder  gas  engine.  When 
running  at  low  speed,  these  cars  were 
decidedly  uncomfortable.  There 
would  be  a  sudden  jerk  as  the  power 
stroke  pushed  the  car  ahead  and  then 
a  lull  during  the  other  three  strokes. 
To  avoid  this,  modern  cars  have  at 
least  four  cylinders.  The  explosions 
in  these  cylinders  are  so  arranged 
that  one  of  the  four  is  always  deliv¬ 
ering  a  power  stroke.  By  using  six, 
eight,  or  twelve  cylinders,  the  power 
strokes  can  be  made  to  overlap  and 
a  smooth  flow  of  power  results.  The 
next  time  you  are  in  an  automobile 
garage,  examine  an  engine  that  has 
been  taken  out  of  a  car  for  repairs. 
If  you  will  disregard  all  of  the  mech¬ 
anism  that  is  necessary  to  cause  the 
valves  to  open  and  close,  the  spark 
plugs  to  function,  etc.,  you  will  have 
no  difficulty  in  seeing  that,  funda¬ 
mentally,  such  engines  are  nothing 
more  than  the  cylinders,  valves, 
and  spark  plugs  that  have  just  been 
described. 

The  explosive  mixture  is  prepared 
for  the  cylinders  in  the  carburetor. 
Gasoline  rises  through  a  nozzle  in 
the  carburetor  in  a  fine  spray  and 
changes  to  vapor.  Air  drawn  into  the 
carburetor  mixes  with  the  gasoline 
vapor.  The  gasoline  vapor  and  air 
form  the  explosive  mixture  that 
passes  into  the  cylinders. 

The  electric  current  necessary  for 
the  spark  plug  is  provided  by  a  stor¬ 
age  battery  and  an  induction  coil. 
Space  cannot  be  taken  here  to  discuss 


all  these  matters,  but  a  study  of  a  car 
in  the  repair  shop,  together  with  the 
friendly  help  of  a  mechanic,  will 
teach  you  how  they  operate. 

The  Diesel  engine.  When  a  gas 
is  compressed,  it  becomes  very  hot. 
Suppose  that  in  a  gas  engine  no  gaso¬ 
line  is  used,  but  during  the  admission 
stroke  only  air  is  admitted.  During 
the  compression  stroke,  this  air,  be¬ 
cause  of  its  compression,  will  become 
very  hot.  If,  now,  a  drop  of  fuel  oil 
is  forced  into  this  hot  air,  the  fuel  oil 
will  burn  and  the  power  stroke  will 
develop  just  as  it  did  when  the  mix¬ 
ture  of  gasoline  and  air  was  com¬ 
pressed.  Engines  forcing  fuel  oil 
into  the  hot  air  instead  of  using  an 
explosive  mixture  of  gasoline  and 
air  are  called  Diesel  engines.  They 
have  certain  advantages.  The  fuel  is 
cheap  and  the  complications  of  elec¬ 
trical  ignition  are  done  away  with. 
They  are  often  used  in  large  ships, 
and  have  even  been  tried  in  an  ex¬ 
perimental  way  for  use  in  airplanes. 

Gas  turbines.  Instead  of  using 
steam  to  turn  a  windmill  in  a  box  as 
does  the  steam  turbine,  the  gas  tur¬ 
bine  makes  use  of  a  blast  of  hot, 
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The  principle  of  the  carburetor  of  an 
automobile 
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burning,  expanding  gases.  A  whirl¬ 
ing  compressor  first  compresses  the 
air.  A  blast  of  compressed  air  blows 
fuel  into  a  burner.  The  burning  gases 
expand  violently  with  the  intense 
heat.  The  expanding  gases  drive  the 
turbine.  One  of  the  great  difficulties 
in  developing  the  gas  turbine  was 
that  the  intense  heat  burned  the 
metal  of  the  engine.  New  alloys 
(mixtures  of  metals)  have  been  de¬ 
veloped  which  can  endure  the  great 
heat.  Now  power  plants  and  other 
industrial  plants  use  the  gas  tur¬ 
bine. 

The  rocket  engine.  You  have 
probably  seen  a  Fourth-of-July  sky 
rocket.  You  light  the  fuse.  There  is 
a  rush  and  a  streak  of  fire,  and  the 
rocket  is  away  up  above  you.  Giant 
rockets  of  war  are  carried  by  air¬ 
planes  for  use  against  ships.  Other 
rockets  of  war,  like  the  bazookas,  are 
fired  from  weapons  on  men’s  shoul¬ 
ders  against  armored  tanks.  When  a 
rocket  is  harnessed  to  a  plane  as  an 
auxiliary  engine,  the  heavy  plane 
can  rise  swiftly  to  heights  where  it 
can  use  its  propeller  engine  econom¬ 
ically  and  maneuver  easily.  When 
the  rocket  engine  replaces  the  gaso¬ 
line  engine  with  propeller,  the  “jet- 
propelled”  plane  flies  higher  and 
faster  than  the  propeller-driven 
plane. 


In  the  famous  V2  German  rocket, 
the  rocket  carried  its  own  oxygen 
in  liquid  form  as  well  as  its  fuel, 
alcohol  or  gasoline.  Such  rockets 
have  risen  to  heights  of  75  miles 
where  there  is  not  sufficient  oxygen 
in  the  air  to  burn  the  fuel. 

The  jet  engine  is  much  simpler 
than  the  propeller  type  engine.  It  is 
somewhat  like  a  large  cylinder  with 
its  rear  end  narrowed  to  a  nozzle.  At 
the  forward,  larger  end  is  an  air- 
compressor  and  a  turbine  to  drive 
the  compressor.  The  compressed  air 
and  fuel  are  injected  into  a  chamber 
and  ignited.  There  is  an  instant,  vio¬ 
lent  explosion  of  hot  gas.  The  ex¬ 
panding  hot  gas  turns  the  turbine  and 
escapes  to  the  rear,  exerting  its 
thrust  forward,  thus  pushing  the 
plane  forward  without  the  aid  of  a 
propeller. 

Experiment  57 

Question:  What  makes  steam  engines 
go? 

Materials:  Test  tube;  cork  to  fit; 
Bunsen  burner. 

Directions :  Put  a  half  inch  of  water 
in  the  test  tube,  put  in  the  cork  firmly 
but  not  tightly.  With  a  test-tube  holder 
hold  the  corked  tube  over  the  flame  at 
arm’s  length,  with  the  cork  pointing 
away  from  you  and  others. 

Result:  What  happens? 

Conclusion:  What  makes  it  happen? 
How  is  this  force  put  to  practical  use? 


Chapter  Nineteen 

Transportation 


Transportation  in  modern 
life.  Perhaps  you  sat  down  this 
morning  to  a  breakfast  table  made  in 
Detroit,  set  with  chinaware  made  in 
Czechoslovakia.  Perhaps  there  were 
grapefruit  from  Florida  or  Cali¬ 
fornia,  cereal  from  the  Middle  West, 
coffee  from  Brazil  sweetened  with 
sugar  from  Cuba,  Louisiana,  or  Col¬ 
orado,  an  egg  seasoned  with  pepper 
from  Asia,  and  perhaps  you  ate  the 
breakfast  with  an  eye  on  a  clock 
made  in  Switzerland.  Even  milk  for 
the  coffee  and  cereal  may  have  come 
hundreds  of  miles  in  refrigerator 
cars. 

Modern  civilization  is  largely  de¬ 
pendent  on  transportation.  Through¬ 
out  the  history  of  mankind,  culture 
and  efficiency,  as  well  as  comfort  and 
pleasure,  have  increased  with  the  im¬ 
provement  of  transportation.  It  has 
made  possible  great  cities  and  fine 
suburban  homes.  It  has  put  modern 
machinery  on  the  farms  and  made 
possible  the  production  of  enormous 
supplies  of  grain,  milk,  and  meat.  It 
has  released  the  individual  from 
making  many  necessities  which  he 
could  not  make  well  and  permitted 
him  to  devote  himself  to  the  one  thing 
he  could  do  well.  By  enabling  us  to 
travel  and  by  bringing  to  us  the  crea¬ 
tions  of  distant  people,  it  has  changed 
us  from  old-fashioned  folk  inter¬ 
ested  only  in  our  immediate  neigh¬ 


bors  to  a  people  eager  for  news  from 
Germany,  China,  and  India.  Our 
profits  from  farm  and  factory  are  in¬ 
timately  bound  up  with  the  happen¬ 
ings  on  the  other  side  of  the  earth. 

Transportation  is  a  great  modern 
industry.  It  employs  millions  of  peo¬ 
ple  in  the  construction  and  operation 
of  its  machines  in  building  and  main¬ 
taining  roads  and  bridges,  and  in 
handling  freight  and  passengers. 
Though  roads  and  automobiles  take 
care  of  a  large  part  of  present-day 
transportation,  and  air  travel  is 
steadily  improving,  railroads  and 
steamships  carry  the  largest  part  of 
goods  and  passengers.  We  have 
studied  how  power  is  harnessed  by 
means  of  engines.  We  shall  now 
study  how  engines  move  vehicles. 

The  locomotive.  George  Ste¬ 
phenson  (1781-1848),  an  English 
engineer,  building  on  earlier  discov¬ 
eries,  was  the  inventor  of  the  steam 
locomotive,  which  consists  essen¬ 
tially  of  two  steam  engines,  one  on 
each  side  near  the  front.  In  each  of 
these  engines  a  piston  is  driven  for¬ 
ward  and  backward.  The  piston  in 
turn  drives  a  bar  which  is  attached, 
as  shown  in  picture  1  on  page  146, 
just  outside  the  center  of  the  big 
drive  wheels. 

The  automobile.  The  gasoline 
engine  drives  the  automobile  with  a 
more  complex  transfer  of  power.  The 
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automobile  engine  has  very  little 
power  when  just  starting.  Therefore, 
it  must  start  running  without  connec¬ 
tion  with  the  driving  wheels.  After 
the  engine  has  started,  a  clutch  con¬ 
nects  the  engine  with  the  wheels.  (See 
upper  diagram.)  In  setting  the  ve¬ 
hicle  into  motion,  also,  more  power 
is  needed  than  after  it  is  under  way. 
The  low  gear  gives  greater  power. 
(See  middle  diagram.)  After  the 
machine  is  moving,  the  higher  gears 
are  used.  The  engine  of  an  automo¬ 
bile  being  in  the  front  and  the  driving 
wheels  in  the  rear,  the  power  is  car¬ 
ried  to  the  driving  wheels  by  means 
of  a  long  shaft  running  to  the  rear 
of  the  car.  Here  a  set  of  gears  changes 
the  direction  of  the  motion  of  the 
shaft  so  that  it  may  be  applied  to  the 
wheels.  This  mechanism  is  shown  in 
the  bottom  diagram. 

Good  roads.  Good  automobiles 
are  of  small  value  without  good 
roads.  The  Romans  studied  road  con¬ 
struction  and  built  superior  roads, 
but  they  progressed  very  little  in  the 
development  of  vehicles.  Modem 
road  engineering  is  an  important 
branch  of  science,  and  building 
roads  is  an  important  industry.  The 
drawing  on  page  149  shows  general 
principles  of  construction  in  modern 
hard-surface  roads.  The  engineer  has 
studied  the  behavior  of  vehicles  at 
varying  speeds  on  both  roads  and 

A.  Disc  clutch  of  the  automobile. 
B  1  and  2.  Low  gear  and  high  gear  in 
the  automobile.  Trace  out  the  trans¬ 
mission  of  power  through  the  gears 
in  low  gear.  C.  The  differential  in  the 
rear  of  an  automobile 


United  States  Lines,  Black  Star 

Giant  propellers  of  an  ocean  going 
ship  and  paddle  wheel  of  a  river 
steamer 

railroads.  Picture  3  on  page  146 
shows  how  curves  are  banked  to  al¬ 
low  trains  to  round  them  without 
undue  loss  of  speed.  Roads  are 
straightened,  hills  are  cut  down,  and 
hollows  are  filled  to  allow  machines 
to  maintain  their  speed  with  safety. 
In  railroads  the  grade  must  be  very 
gentle,  at  most  a  rise  of  two  feet  in 
one  hundred.  The  steam  engine  is  a 
poor  hill  climber.  The  electric  motor 
and  the  automobile  are  much  better 
on  hills. 

Bridge  construction.  The  build¬ 
ing  of  bridges  has  grown  slowly 


through  the  ages  as  shown  on  page 
146.  The  simplest  bridge  is  sup¬ 
ported  by  uprights  as  in  picture  4. 
This  is  sufficient  for  small  bridges 
that  may  be  built  of  wood  or  steel. 
Picture  3  shows  how  braces  in  the 
form  of  triangles  increase  the 
strength.  Picture  1  shows  how  the 
arch  supports  the  weight.  Concrete 
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International  News,  Associated  Press 

A  jet  plane  takes  off.  Below  a  heli¬ 
copter  hovers  over  a  wharf  to  deliver 
a  package 


now  often  replaces  stone.  For  larger 
bridges,  cantilever  or  suspension 
construction  is  used  to  support  the 
great  weight  of  steel  as  shown  in  the 
bottom  picture. 

Water  transportation.  Muscle 
and  wind  power  have  given  place  to 
steam  in  moving  the  world’s  com¬ 
merce.  John  Fitch  had  a  steamboat 
propelled  by  paddles  plying  on  the 
Delaware  after  the  Revolution.  Rob¬ 
ert  Fulton  invented  the  steamboat 
propelled  by  paddle  wheels.  In  shal¬ 
low  water  paddle  wheels  are  still 
used.  In  1836  Ericsson  invented  the 
screw  propeller,  which  became  the 
basis  of  modern  ocean  transporta¬ 
tion.  We  have  already  studied  why  a 
great  steel  ship  floats,  and  later  we 


shall  study  how  a  mariner  finds  his 
way  across  the  pathless  sea. 

Air  transportation.  The  gas  en¬ 
gine  has  made  possible  rapid  trans¬ 
portation  through  the  air.  We  have 
studied  why  an  airplane  and  a  gas- 
filled  airship  stay  in  the  air.  The  air¬ 
plane  became  a  practical  machine 
after  the  experiments  of  Orville  and 
Wilbur  Wright,  who  solved  the  prob¬ 
lem  of  air  pressure  on  the  planes. 
The  principles  are  explained  in  the 
unit  on  air.  Scientific  study  is  con¬ 
stantly  improving  carrying  power, 
speed,  and  safety.  The  lone  cavalier 
of  World  War  I,  1918,  is  replaced 
by  squadrons  of  speedy  and  terrible 
engines  of  destruction.  In  time  of 
peace  oceans  are  spanned  on  regular 
schedule,  and  the  far  places  of 
the  northern  wilderness,  formerly 
reached  only  by  weeks  of  travel  by 
canoe  or  dog  sledge,  are  now  mat¬ 
ters  of  a  few  hours’  flight. 
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152  ENERGY 

Questions  to  Think  Out 


1.  How  could  you  show  that  a  stone 
on  a  housetop  has  energy?  Old-time 
clocks  used  such  energy  instead  of  the 
energy  stored  in  a  coiled  spring.  Can 
you  think  out  how  it  might  be  done? 

2.  How  many  foot  pounds  of  work 
do  you  perform  in  walking  from  the 
street  floor  to  the  level  of  your  class¬ 
room? 

3.  How  many  horse  power  does  it 
take  to  get  to  your  bedroom  at  night? 

4.  How  can  you  get  a  fence  post 
out  of  a  hole  with  the  least  effort? 

5.  Devise  an  experiment  to  show 
whether  it  requires  a  greater  effort  to 
lift  a  pile  of  books  directly  or  to  pry 
them  up  with  a  lever. 

6.  Suppose  you  had  a  blow-out  on 
a  lonely  road  and  found  that  you  had 
left  your  jack  at  home.  How  could  you 
raise  your  car  to  remove  the  tire? 

7.  Why  does  a  large  steering  wheel 
make  steering  easy? 

8.  Look  about  your  garden,  home, 
farm,  or  camp  to  see  if  you  can  save 
labor  by  using  a  lever  or  other  simple 
machine  in  some  piece  of  work  that 
should  be  done. 

9.  Study  a  sewing  machine,  a  lathe, 
or  some  other  piece  of  machinery  and 
decide  of  what  simple  machines  it  is 
made. 

10.  You  have  a  heavy  rowboat  lying 
high  on  the  beach.  Think  out  some  simple 
machines  from  the  material  lying  around 
that  would  enable  you  to  move  the  boat 
into  the  water. 

11.  If  your  wheelbarrow,  lawn 
mower,  or  bicycle  works  hard,  what 
trouble  should  you  suspect  first,  and 
how  should  you  correct  it? 

12.  Think  of  at  least  two  ways  in 
which  friction  is  increased  as  you  turn 


a  corner  in  an  automobile.  Why  should 
you  want  to  increase  friction? 

13.  If  you  brush  an  ant  from  your 
shoulder,  it  lands  on  the  ground  un¬ 
hurt.  If  you  fell  that  distance  and  did 
not  land  on  your  feet,  you  might  be 
badly  hurt.  Why? 

14.  Why  do  the  brakes  of  an  auto¬ 
mobile  sometimes  catch  fire  going  down 
a  mountain? 

15.  Compare  the  pictures  of  auto¬ 
mobiles  of  today  with  those  of  cars  of 
fifteen  years  ago.  What  advantage  is 
there  in  the  shape  of  a  modern  automo¬ 
bile? 

16.  When  brakes  are  jammed  tight 
on  a  speeding  automobile,  a  tire  some¬ 
times  blows  out.  Why? 

17.  When  a  trolley  car  stops  sud¬ 
denly,  why  do  the  straphangers  lurch 
forward? 

18.  Explain  why  you  can  tighten  the 
head  of  a  hammer  by  pounding  on  the 
opposite  end  of  the  handle. 

19.  You  can  shake  the  dust  out  of  a 
rug  by  inertia.  Explain. 

20.  If  you  step  off  a  moving  car 
with  your  face  to  the  rear,  inertia  may 
seat  you  on  the  ground.  Why? 

21.  Why  does  jarring  a  tree  bring 
down  the  ripe  apple? 

22.  Mention  several  ways  inertia  is 
used  in  the  automobile  to  make 
smoother  riding. 

23.  Why  are  modern  automobiles 
closer  to  the  ground  than  earlier  mod¬ 
els? 

24.  How  does  inertia  help  you  shovel 
coal  into  the  furnace? 

25.  Why  do  many  railroads  through 
the  mountains  use  electric  power? 

26.  Why  will  the  gasoline  engine  not 
start  if  it  is  flooded  with  gasoline? 


Unit  Five 

Heat  Energy 

Oldtime  Arctic  travelers  kept  going  while 
food  lasted.  When  food  failed ,  the  journey 
ended  forever. 

The  energy  that  keeps  things  alive  is  largely 
heat.  You  learned  in  an  earlier  unit  that  heat 
energy  of  life  comes  largely  from  oxidation. 
Materials  to  support  the  oxidation  must  come 
from  the  environment.  Animals  eat  and  breathe 
these  materials.  The  lower  the  temperature 
about  them ,  the  more  they  must  eat  to  keep 
alive  and  active.  The  lumberman  in  the  north¬ 
ern  winter  eats  more  than  does  the  office  worker. 
We  are  all  usually  hungrier  in  cold  weather. 

Heat  energy ,  too ,  is  man  s  chief  source  of 
power  for  his  work  in  the  world.  Heat  runs  most 
machinery ,  and  machinery  has  changed  the 
wilderness  to  a  populated  country.  Control  of 
heat  has  given  man  a  control  of  his  environ¬ 
ment.  Controlled  heat  has  enabled  him  to  plant 
and  raise  vast  crops ,  to  make  buildings  com¬ 
fortable  in  the  coldest  weather ,  to  build  giant 
machines  and  great  cities. 

What  is  heat?  Where  does  it  come  from? 
How  does  it  travel?  What  effect  does  it  have 
on  things?  How  can  its  effects  be  controlled? 
We  shall  answer  these  scientific  questions  in 
this  unit.  Then  we  shall  apply  this  science  to 
such  little  homely  problems  as  how  to  keep 
dinner  warm ,  how  to  keep  our  houses  warm , 
and  how  to  have  a  warm  bath. 

(2)  Harold  M.  Lambert,  ( 3 )  Ewing  Galloway,  N.Y., 

(4)  Pennsylvania  R.R. 


Chapter  Twenty 

What  Heat  Is 


What  is  heat?  When  Count  Rum- 
ford  (1753-1814),  an  American 
physicist  in  the  service  of  the  Elector 
of  Bavaria,  was  boring  out  cannon, 
he  noticed  that  the  cannon  became 
very  hot.  He  had  a  cannon  weighed 
when  cool.  Then  he  had  it  weighed 
when  hot.  It  weighed  the  same  in 
both  instances.  You  can  repeat  the 
experiment  by  weighing  a  piece  of 
iron,  then  heating  the  iron  in  a  gas 
flame  and  weighing  it  again.  Rum- 
ford  concluded  that  heat  was  not  a 
substance — not  matter. 

If  heat  is  not  matter,  what  is  it? 
We  experience  the  sensation  of  heat 
when  we  approach  a  radiator  or  a 
stove.  Evidently  something  is  com¬ 
ing  to  us  through  the  air.  We  experi¬ 
ence  the  same  sensation  when  we  step 
out  into  sunshine  coming  to  us 
through  93,000,000  miles  of  airless 
space.  Evidently  something  that 
makes  us  feel  warm  comes  to  us 
through  space.  Scientists  say  that 
which  comes  to  us  from  the  sun  is 
energy.  To  explain  the  effects  of  en¬ 
ergy  from  the  sun,  scientists  suppose 
that  it  travels  in  waves. 


As  we  look  at  waves  rolling  toward 
the  shore,  we  see  that  they  differ 
from  one  another  in  two  respects, 
first  in  height  and  second  in  the  dis¬ 
tance  from  the  top  (crest)  of  one 
wave  to  the  top  of  the  next  wave.  This 
distance  from  the  top  of  one  wave  to 
the  top  of  the  next  we  name  the  wave 
length.  Wave  length  may  be  less  than 
a  thousandth  of  an  inch  or  it  may  be 
thousands  of  feet. 

A  stone  dropped  into  a  quiet  pool 
of  water  will  start  a  series  of  water 
waves.  As  the  waves  spread  out,  the 
height  of  the  waves  grows  less,  but 
the  wave  length  remains  the  same. 
For  any  particular  wave,  the  wave 
length  remains  constant.  A  conven¬ 
ient  way  to  represent  waves  is  shown 
at  the  bottom  of  the  page. 

Radiant  energy.  Energy  that  is 
passing  out  or  radiating  from  the  sun 
is  radiant  energy.  The  waves  of  radi¬ 
ant  energy  are  not  all  alike.  The  dif¬ 
ferent  waves  have  different  effects. 
Light  waves  enable  us  to  see.  Other 
waves  do  not  affect  our  eyes  but  they 
do  affect  a  photographic  plate  or 
film.  Still  others  make  us  feel  warm. 


Whether  waves  run  on  or  die  out, 
their  wave  length  (A)  remains  con¬ 
stant.  The  parts  of  a  wave  are  named 
at  the  right 
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A  stone  dropped  into  a  pool  starts  a  series  of  water  waves.  Air  and  ether  waves 
travel  in  a  similar  way,  except  that  they  are  spherical 


The  different  waves  of  radiant  en¬ 
ergy  have  different  wave  lengths. 
Light  waves  have  wave  lengths  vary¬ 
ing  from  0.000025  of  an  inch  in  red 
light  to  0.000017  of  an  inch  in  vio¬ 
let  light.  Still  shorter  waves  are  the 
X  rays  used  in  medicine.  The  waves 
that  cause  heat  are  slightly  longer 
than  light  waves,  while  much  longer 
waves  are  used  in  radio. 

Remember  that  when  energy  exists 
as  waves,  it  is  not  heat.  Although  rays 
from  the  sun  are  passing  through  the 
air,  the  air  gets  colder  and  colder  as 
we  go  up  from  the  surface  of  the 
earth.  Outside  the  earth’s  atmos¬ 
phere  space  is  cold,  but  the  waves 
come  through.  It  is  only  after  the 
waves  strike  some  object,  as  our 


bodies,  that  their  energy  is  changed 
into  heat. 

If  you  put  your  hand  on  a  window- 
pane  through  which  the  sunlight  is 
pouring,  the  glass  will  probably  feel 
cool.  The  energy  waves  go  through 
without  heating  it.  We  say  the  glass 
transmits  (sends  through)  the  waves. 
A  mirror  reflects,  that  is,  throws 
back,  most  of  the  energy.  It,  too,  will 
remain  comparatively  cool  in  bright 
sunlight.  Soil,  on  the  other  hand, 
transmits  and  reflects  little  of  the 
radiant  energy.  It  absorbs  most  of  it. 
As  a  result,  the  energy  wave  is 
changed  into  heat  energy  and  the  soil 
becomes  warm.  A  piece  of  black  and 
a  piece  of  white  cloth  laid  on  snow 
cause  two  different  results.  The  white 
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cloth  reflects  much  more  energy  than 
the  black,  and  the  black  cloth  ab¬ 
sorbs  much  more  energy  than  the 
white.  As  a  result,  the  snow  melts 
much  faster  under  the  black  cloth 
than  under  the  white  cloth.  Thus, 
when  radiant  energy  strikes  a  body, 
one  of  three  things  may  happen.  The 
energy  may  be  transmitted,  reflected, 
or  absorbed. 

When  radiant  energy  strikes  a 
greenhouse  used  for  growing  plants, 
it  passes  freely  through  the  glass. 
When  it  strikes  the  soil  in  the  green¬ 
house,  the  energy  waves  are  ab¬ 
sorbed,  changing  into  noticeable 
heat.  This  heats  the  air  of  the  green¬ 
house,  and  the  whole  place  becomes 
warm.  The  heat  cannot  easily  es¬ 
cape,  for  heat  does  not  pass  through 
the  glass  as  readily  as  do  the  energy 


The  glass  of  a  greenhouse  transmits 
light  waves  and  traps  the  heat 


waves  which  produce  it.  Perhaps  you 
have  noticed  this  trapped  heat  in  a 
closed  automobile  which  has  stood 
in  the  summer  sun. 

Wliat  heat  is.  When  the  black 
fender  of  an  automobile  becomes  hot 
under  the  summer  sun,  what  have  the 
waves  of  radiant  energy  done  to  it? 
In  other  words,  what  is  heat?  We 
have  learned  that  heat  is  produced 
by  waves  of  radiant  energy,  which 
in  themselves  have  no  “heat.”  We 
know  that  the  fender,  like  all  matter, 
is  made  up  of  tiny  parts  called  mole¬ 
cules.  Scientists  know  from  experi¬ 
ments  that  heat  is  produced  when 
moving  bodies  strike  other  bodies, 
even  the  invisible  air  particles.  They 
conclude  that  the  radiant  energy  sets 
up  a  kind  of  motion  among  the  mole¬ 
cules  of  the  heated  body,  and  this 
molecular  motion  is  what  we  call 
heat.  We  recognize  such  motions  by 
a  certain  sensation,  and  say  a  thing 
“feels  hot.”  A  statement  based  upon 
such  reasoning  is  called  a  theory.  The 
theory  of  heat  is:  Heat  is  a  form  of 
molecular  motion. 

Putting  the  sun  to  work.  The 
page  opposite  shows  a  Crooke’s  radi¬ 
ometer.  It  is  named  for  the  English 
scientist  who  first  used  it.  It  is  a  glass 
globe  in  which  four  vanes  are  so 
mounted  that  they  rotate  easily.  Most 
of  the  air  is  removed  from  the  globe. 
One  side  of  the  vanes  is  blackened 
and  the  other  side  is  silvered.  When 
placed  in  the  sun,  the  blackened  side 
absorbs  radiant  energy  and  warms, 
in  turn  warming  the  air  molecules 
lying  against  it  and  causing  them  to 
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move  rapidly.  The  heated  molecules 
of  the  air  driving  against  the  black 
side  of  the  vanes  make  them  rotate 
with  the  silver  side  ahead.  Thus  a 
small  bit  of  the  sun’s  energy  does  a 
little  work. 

In  the  sunny  Southwest  great  solar 
(sun)  engines  have  been  erected  for 
experimental  purposes.  These  en¬ 
gines  have  developed  enough  heat 
not  only  to  cook  food  but  to  melt 
iron.  Perhaps  some  day  in  the  future 
solar  engines  will  run  factories  and 
power  houses. 

Other  heat  sources.  Chemical 
energy  produces  heat,  as  when  coal 
is  burned.  However,  as  coal  is  the  re¬ 
mains  of  vegetation  that  grew  be¬ 
cause  of  the  energy  it  received  from 
the  sun,  the  sun  rather  than  the  coal 
is  really  the  source  of  this  energy. 
When  you  pour  hydrochloric  acid 
on  zinc  in  a  test  tube,  the  test  tube 
becomes  hot.  This  also  is  heat  from 
chemical  energy.  Mechanical  en¬ 
ergy,  as  the  compression  of  air,  may 
also  generate  heat.  Feel  the  tube  of 
the  tire  pump  after  you  have  pumped 
up  the  tire.  Friction  also  gives  heat. 
Protect  your  fingertip  with  a  piece 
of  paper  and  rub  it  on  a  board.  You 
will  soon  feel  the  heat  that  is  pro¬ 
duced.  The  passage  of  an  electric 
current  through  a  lamp  heats  the 
bulb.  But  by  whatever  means  heat  is 
produced,  it  is  always  caused  by  the 
setting  up  of  a  certain  kind  of  molec¬ 
ular  motion. 

Fuels.  For  use  in  industry  and  in 
our  homes  the  source  of  heat  is  al¬ 
most  always  oxidation.  Electricity, 


often  used  for  heating  flatirons, 
toasters,  and  similar  devices  in  the 
home,  is  usually  generated  by  dyna¬ 
mos  driven  by  burning  coal,  although 
the  use  of  water  power  is  rapidly  in¬ 
creasing.  Many  people  in  the  United 
States  use  wood  for  fuel.  In  cities  the 
fuel  is  chiefly  coal,  oil,  or  gas.  Nat¬ 
ural  gas  is  largely  used  where  there 
are  gas  wells.  Manufactured  gas  is 
derived  by  heating  coal  and  thus 
driving  off  the  gas.  The  coke  that  re¬ 
mains  is  also  valuable  fuel  for  cer- 


A  radiometer.  The  blackened  faces 
of  the  vanes  absorb  light,  and  the  re¬ 
sulting  heat  causes  the  vanes  to  rotate 


158 


HEAT  ENERGY 


tain  purposes.  Oil  from  petroleum 
is  popular  in  heating  homes  because 
it  requires  little  attention  and  leaves 
no  ashes. 

Experiment  58 

Question:  How  can  I  show  that  dark, 
rough  surfaces  are  better  absorbers  of 
heat  than  light,  polished  surfaces? 

Materials:  Two  pieces  of  paraffin; 
two  square  pieces  of  polished  copper 
sheeting  designated  as  A  and  B;  desk 
apparatus. 

Directions :  Using  a  luminous,  yellow 
flame,  hold  copper  square  A  in  this 
flame  to  coat  one  side  of  it  evenly  with 
a  layer  of  soot. 

Gently  warm  two  pieces  of  paraffin  of 
equal  size  and  weight  and  press  one 
against  the  unblackened  surface  of 
square  A ,  and  one  against  either  sur¬ 
face  of  B,  so  that  the  paraffin  sticks. 

Hang  the  copper  squares  each  about 
4  inches  from  a  lighted  Bunsen  burner, 
so  that  the  sides  on  which  the  pieces  of 
paraffin  are  placed  are  turned  away 
from  the  flame,  and  a  dark  side  and  a 
polished  side  face  the  flame. 

Watch  the  paraffin. 

Diagram:  Show  the  apparatus. 

Observations:  From  which  sheet  of 
copper  did  the  paraffin  drop  first? 
Which  surface  absorbed  more  heat? 

Conclusion:  What  kind  of  surface  is 


a  good  absorber  of  heat?  a  poor  ab¬ 
sorber  of  heat? 

Experiment  59  (Optional) 

How  illuminating  gas  is  made. 

Arrange  the  apparatus  as  in  the  dia¬ 
gram.  Put  powdered  coal  in  the  upper 
test  tube.  Heat  gently  with  the  Bunsen 
burner.  After  the  apparatus  is  working, 
light  the  gas  coming  from  the  pointed 
tube  below.  This  is  a  mixture  of  gases, 
chiefly  compounds  of  hydrogen  and  car¬ 
bon.  Coke  remains  in  the  heated  test 
tube.  Coal  tar  and  other  products  col¬ 
lect  in  the  cooled  test  tube  below.  A 
large  number  of  valuable  products  are 
obtained  by  distilling  coal,  among  them 
ammonia,  naphthalene  or  tar  camphor 
(common  moth  balls  and  moth  flakes), 
carbolic  acid,  and  pitch.  The  experi¬ 
ment  represents  on  a  small  scale  the  dry 
distillation  of  coal,  the  process  by  which 
gas  is  manufactured  for  cities. 


Chapter  Twenty-one 

Some  Effects  of  Heat 


Expansion.  If  you  live  in  the 
country,  you  have  perhaps  watched 
the  blacksmith  heat  the  iron  tire  of  a 
wagon  wheel,  then  slip  it  in  place  on 
the  wheel  and  rapidly  cool  it.  The 
tire  slips  over  the  wheel  easily 
while  it  is  hot,  but  after  it  cools,  it 
holds  tight  and  does  not  come  off. 
The  blacksmith  calls  this  process 
“shrinking  the  tire  on.” 

The  same  principle  is  shown  in 
the  laboratory  by  a  brass  ball  that  is 
just  large  enough  to  pass  through  a 
brass  ring.  When  the  ball  is  heated, 
it  will  no  longer  pass  through  the 
ring.  Heat  has  expanded  the  brass 
ball  (Fig.  A). 

You  will  notice  between  the  ends 
of  rails  in  a  railroad  track  and  be¬ 
tween  concrete  blocks  on  a  highway,  a 
narrow  space  to  allow  for  expansion 
in  summer.  Without  these  expan¬ 
sion  joints,  the  roads  would  buckle. 
One  end  of  a  long  steel  bridge  simi¬ 
larly  allows  for  expansion. 


The  thermometers  with  dials. 

The  expansion  of  metals  upon  heat¬ 
ing  may  be  used  to  measure  tempera¬ 
ture.  If  two  strips  of  metal,  one  of 
iron  and  one  of  brass,  are  firmly 
fastened  together,  they  form  a  com¬ 
pound  bar  (Fig.  B).  When  such  a 
bar  is  heated,  the  brass  expands 
more  than  the  iron,  and  the  bar 
curves.  If  one  end  of  the  bar  is  fast¬ 
ened  rigidly,  and  the  other  end  bears 
a  hand  moving  over  a  scale,  the 
amount  of  deflection  of  the  free  end 
can  be  read.  The  higher  the  tempera¬ 
ture,  the  greater  the  deflection,  so  that 
such  an  instrument  can  be  used  to 
determine  the  temperature.  In  the 
dial  thermometers  commonly  used, 
the  compound  bar  is  coiled  like  a 
spring  so  that  a  long  bar  may  be  used, 
the  amount  of  deflection  increased, 
and  the  reading  made  more  accurate. 
Such  metallic  thermometers  are  com¬ 
mon,  cheap,  and  accurate  enough 
for  household  use  (Fig.  C). 


A,  To  show  that  heat  expands  the  metal  ball.  Which  ball  is  supposed  to  be 
hot?  B,  The  compound  bar  curves  because  one  metal  expands  more  than  the 
other.  C,  The  hand  on  a  dial  thermometer  is  moved  by  a  compound  bar 

159 


160 


HEAT  ENERGY 


The  balance  wheel  of 
a  watch  is  made  of 
compound  bars.  If 
the  wheel  grew  larger 
in  summer,  the  watch 
would  be  off  time. 
How  is  it  kept  con¬ 
stant? 


a 


TUBE  CONTAINING 
COMPRESSED  AIR 


SCREW  FOR 
ADJUSTING 
TENSION  IN 
COMPOUND 
•BARs. 

Ml 


-V 


o 

D. 

T 

O 

o 

HD 


0 


A  { )  B  ^ — W'l1- 

A,  A  thermostat.  Explain  why  it 
works.  B,  An  electric  thermostat. 
What  closes  the  circuit? 


How  a  thermostat  controls 
temperature.  Perhaps  the  tempera¬ 
ture  in  your  schoolroom  is  controlled 
by  a  thermostat.  Part  of  this  is  sim¬ 
ilar  to  the  metallic  thermometer  that 
you  have  just  studied.  A  short  com¬ 
pound  bar  is  mounted  so  that  the 
loose  end  of  the  bar  is  against  the 
opening  of  a  pipe  containing  com¬ 
pressed  air  (Fig.  A) .  As  the  tempera¬ 
ture  of  the  room  rises,  the  compound 
bar  bends,  thus  opening  the  pipe, 
The  compressed  air  escapes,  reliev¬ 
ing  the  pressure  on  a  diaphragm 
placed  in  the  pipe,  and  this  in  turn 
closes  the  valve  of  the  radiator.  As 
the  temperature  falls,  the  compound 
bar  bends  back  and  covers  the  open¬ 
ing  in  the  pipe,  so  that  pressure 
within  is  restored,  and  the  diaphragm 
moves  to  open  the  radiator  valve 
again.  Various  methods  are  used  to 


control  the  steam  valve,  but  the 
principle  is  the  same  in  all.  The 
thermostat  in  your  home  may  be  a 
compound  bar  that  makes  and  breaks 
an  electric  circuit,  which  in  turn  op¬ 
erates  the  draft  in  the  furnace  or  the 
motor  in  the  oil  heater  (Fig.  B). 

Liquid  thermometers.  The  mer¬ 
cury  in  the  thermometer  tube  shows 
you  that  liquids  expand  and  contract 
with  the  heat  they  absorb  or  give  out. 
When  you  place  your  hand  on  the 
bulb,  the  mercury  absorbs  heat  from 
your  hand,  expands,  and  rises.  When 
you  place  the  thermometer  in  the  re¬ 
frigerator,  the  air  of  the  refrigerator 
absorbs  heat  from  the  mercury.  The 
mercury  contracts  and  falls. 

You  can  easily  construct  a  simple 
thermometer,  using  water  instead  of 
mercury.  Fill  a  100  c.c.  flask  with 
colored  water.  Close  the  flask  with  a 
rubber  stopper  carrying  a  12-inch 
piece  of  small-bore  glass  tubing.  In¬ 
sert  the  stopper  in  such  a  way  that  no 
air  remains  in  the  flask  and  the  col¬ 
ored  water  shows  an  inch  or  so  above 
the  stopper.  Slip  a  narrow  rubber 
ring,  cut  from  a  piece  of  tubing,  over 
the  glass  tube  and  move  it  so  that  it 
indicates  the  height  of  the  water  in¬ 
side  the  tube.  Warm  the  flask.  You 
will  be  surprised  to  notice  that  at 
first  the  water  in  the  tube  sinks  in¬ 
stead  of  rising  as  you  would  expect. 
The  first  effect  of  heating  is  to  ex¬ 
pand  the  flask,  thus  allowing  water 
in  the  tube  to  sink  into  the  flask.  As 
soon  as  the  water  itself  starts  to 
warm,  you  will  see  the  liquid  inside 
the  tube  start  to  rise. 
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Water  would  not  be  a  suitable  sub¬ 
stance  to  use  in  a  commercial  ther¬ 
mometer,  because  its  boiling  point  is 
too  low  and  its  freezing  point  too 
high.  Most  house  thermometers  use 
mercury  for  the  liquid.  In  cold  cli¬ 
mates  where  temperatures  fall  lower 
than  40°  F.  below  zero,  alcohol  is 
used,  for  mercury  freezes  at  about 
— 39.1°  F.,  and  alcohol  freezes  at 
—202°  F.  The  thermometers  you 
often  see  with  red  or  blue  liquid  con¬ 
tain  alcohol  colored  with  a  dye.  The 
method  of  graduating  a  thermometer 
you  will  learn  from  Experiment  60. 

Thermometer  scales.  Expan¬ 
sion  and  contraction  will  measure 
temperatures  if  we  can  find  a  way 
to  indicate  the  amount.  We  need  a 
scale  for  measurement  with  a  high 
point  and  a  low  point  and  degrees 
between.  There  are  two  thermometer 
scales  in  common  use.  The  Fahren¬ 
heit  scale  is  used  mainly  in  England 
and  the  United  States,  and  the  centi¬ 
grade  is  used  on  the  continent  of  Eu¬ 
rope  and  for  all  scientific  work. 

In  1714  Fahrenheit,  a  German 
scientist,  constructed  the  scale  that 
bears  his  name.  The  lowest  tempera¬ 
ture  he  could  obtain  in  his  labora¬ 
tory  was  that  of  a  mixture  of  ice  or 
snow  and  ammonium  chloride.  This 
temperature  he  called  0°.  The  boil¬ 
ing  point  of  water  on  his  scale  is 
212°;  and  the  freezing  point  is  32°. 

In  1742  Celsius  in  Sweden  made 
another  thermometer  scale.  He 
chose  the  freezing  point  of  water  for 
his  0°  and  the  boiling  point  for  his 
high  point  which  he  called  100°. 


A  water  thermometer 


This  scale  is  called  the  centigrade 
scale. 

The  range  of  temperature  between 
freezing  and  boiling  point  on  the  two 
thermometers  is  divided  into  180  de¬ 
grees  (212  —  32  =  180)  on  the 
Fahrenheit  scale  and  100  degrees  on 
the  centigrade.  One  Fahrenheit  de¬ 
gree  is,  therefore,  f  of  a  centigrade 
degree  (100  -f- 180  —  f  ).  One  cen¬ 
tigrade  degree  is  f  of  a  Fahrenheit 
degree  (180 -4- 100  =  f). 

To  convert  one  scale  reading  into 
the  other  is  simple.  If  the  tempera¬ 
ture  of  your  classroom  is  68°  F.,  this 
temperature  is  36  Fahrenheit  de¬ 
grees  above  the  freezing  point  of 
water.  (68°  —  32°  =  36°).  But  as 
a  Fahrenheit  degree  is  only  f  of  a 
centigrade  degree,  36°  F.  =  20° 
centigrade  (36  X  f  =  20).  Centi¬ 
grade  zero  is  at  freezing.  While  you 
would  call  the  temperature  of  this 
room  68°  F.,  a  French  student  would 
call  the  temperature  20°  C. 
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Centigrade  and 
Fahrenheit  com¬ 
pared 


CENTIGRADE  FAHRENHEIT 


BOILING  POINT 
OF  WATER 


-212° 
•194® 
- 176® 
■  158** 
■140® 
■122® 
104® 
■86® 


20° 

10° 

0° 


FREEZING  POINT'. 
'  OF  WATER 


-17.78° 


68° 

50® 

32® 

14® 

0® 


A  French  student  in  a  classroom 
with  a  temperature  of  28°  C.  might 
complain  of  the  heat.  To  convert  this 
to  Fahrenheit  we  multiply  by  § 
and  obtain  501°  above  the  freez¬ 
ing  point.  Add  32°  and  we  obtain 
82f  °  F.,  the  temperature  of  the 
room  on  our  scale. 

When  is  there  no  heat?  You 
have  already  learned  two  thermom¬ 
eter  zeros.  Centigrade  zero  is  the 
freezing  point  of  water  and  the  Fah¬ 
renheit  zero  is  32  Fahrenheit  degrees 
below  the  freezing  point  of  water. 
A  third  zero  is  the  absolute  zero , 
which  is  minus  273°  centigrade,  or 
minus  459.4°  F. 

The  absolute  zero  is  reached  when 


there  is  no  heat.  Heat  is  the  energy 
of  molecular  motion.  As  heat  leaves 
the  body,  the  molecules  move  more 
and  more  slowly;  a  time  must  come 
when  molecular  motion  ceases.  This 
point  is  absolute  zero. 

Scientists  have  obtained  a  temper¬ 
ature  of  one  one-thousandth  of  1  de¬ 
gree  centigrade  above  this  absolute 
zero.  At  this  temperature  the  world 
would  become  a  very  singular  place. 
Chemical  action  would  almost  cease. 
Wood  would  not  burn  in  oxygen.  Ox¬ 
ygen  and  hydrogen  would  not  unite. 
The  electrical  resistance  of  metals 
would  almost  disappear,  and,  in 
short,  life  as  we  know  it  would  be¬ 
come  impossible. 

The  doctor’s  thermometer. 
One  of  the  indications  by  which  your 
doctor  determines  whether  you  are 
sick  or  well  is  the  temperature  of 
your  body.  Usually  the  temperature 
is  98.6°  F.  Sometimes  processes  in 
the  body  go  wrong,  and  the  tempera¬ 
ture  of  our  body  rises.  Then  we  have 
a  fever  or  “run  a  temperature.” 

To  determine  the  body  tempera¬ 
ture,  the  doctor  uses  a  thermometer 
having  a  constriction  (narrow  place) 
in  the  bore.  He  puts  the  end  of  the 
thermometer  under  your  tongue,  and 
the  mercury  in  it  rises.  When,  how¬ 
ever,  he  removes  the  thermometer 


A  clinical  thermometer  showing  constriction  to  prevent  back  flow  of  mercury 


Ewing  Galloway,  N.Y. 
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and  the  mercury  starts  to  contract, 
the  thin  thread  of  mercury  in  the 
contriction  breaks  because  the  mole¬ 
cules  of  the  mercury  do  not  hold  to¬ 
gether  strongly  enough  to  pull  the 
thread  of  mercury  past  the  constric¬ 
tion  and  back  into  the  bulb.  The  mer¬ 
cury  in  the  tube  remains  in  the  posi¬ 
tion  it  attained  when  it  was  taken 
from  your  mouth.  After  the  doctor 
has  read  the  thermometer,  a  violent 
shake  or  two  will  send  this  mercury 
thread  back  into  the  bulb. 

Expansion  of  gases.  When  you 
studied  about  air,  you  learned  that 
a  fire  balloon  would  float  in  the  air 
because  heat  expanded  the  air  inside 
it.  This  is  one  illustration  of  the  fact 
that  heat  expands  gases.  A  simple  ex¬ 
periment  will  illustrate  this.  Stretch 
a  rubber  balloon  over  the  neck  of  a 
flask.  Warm  the  air  in  the  flask,  and 
you  will  see  the  balloon  stand  erect 
and  expand.  The  expansion  of  the 
gas  carbon  dioxide  in  bread  and  bis¬ 
cuit  makes  the  dough  rise.  The  ex¬ 
pansion  of  air  in  an  automobile  tire 
on  a  hot  day  may  cause  a  weak  spot 
to  blow  out. 


To  show  that  air 
expands  in  heating 


A  thermometer 
using  air  instead 
of  mercury.  Water 
is  in  the  beaker. 
How  does  it  work? 


Before  our  modern  thermometers 
were  invented,  Galileo  made  a  ther¬ 
mometer  that  used  the  expansion  of 
a  gas  (air).  The  figure  shows  how 
you  may  make  one. 

Heat  is  not  temperature.  Did 
you  ever  wait  for  the  pot  to  boil  on 
the  stove  or  the  campfire?  It  may 
have  seemed  a  long  time.  If  you  place 
a  piece  of  iron  and  a  vessel  contain¬ 
ing  an  equal  weight  of  water  on  the 
stove,  the  iron  will  be  the  first  to 
reach  212°  F.,  the  boiling  point  of 
water.  It  takes  more  heat  to  raise  the 
temperature  of  water  1  degree  than 
the  same  weight  of  iron.  You  must 
be  sure  that  you  understand  the  dis¬ 
tinction  between  the  amount  of  heat 
that  a  body  may  have  and  its  temper¬ 
ature.  A  burning  match  has  only  a 
small  amount  of  heat,  but  its  temper¬ 
ature  is  high  enough  to  burn  your 
finger  if  you  put  it  into  the  flame.  To 
bring  a  quart  of  water  to  boil  requires 
twice  as  much  heat  as  to  bring  a  pint 
of  water  to  boil,  but  the  temperature 
reached  will  be  the  same  in  both 
cases,  212°  F. 
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A  maximum  and 
minimum  ther¬ 
mometer  to  regis¬ 
ter  highest  and 
lowest  tempera¬ 
tures.  Can  you 
understand  how  it 
works? 


Measuring  amount  of  heat. 

You  cannot  measure  the  amount  of 
heat  with  a  thermometer.  You  can 
measure  only  temperature.  There 
are  two  units  in  common  use  for 
measuring  the  amount  of  heat  that  a 
body  contains.  One,  the  British 
Thermal  Unit  (B.  T.  U.)  is  used  ex¬ 
tensively  by  engineers.  It  is  the 
amount  of  heat  that  is  required  to 
heat  a  pound  of  water  1  °  F.  The  sec¬ 
ond  unit,  the  calorie,  is  the  amount 
of  heat  required  to  heat  1  gram  of 
water  1°  C.  A  large  Calorie,  written 
with  a  capital  C,  is  1000  small  cal¬ 
ories.  A  pound  of  ordinary  coal  in 
burning  will  give  about  15,000 
B.  T.  U.  In  our  science  work  we  shall 
use  the  calorie,  as  the  B.  T.  U.  is 
rather  large  for  our  purposes.  One 
B.T.U.  equals  252  calories. 

Hidden  heat.  Suppose  you  take 
a  gram  of  water  at  0°  C.  and  slowly 
heat  it.  When  it  has  absorbed  1  cal¬ 
orie,  the  temperature  is  1°  C.  When 


it  has  absorbed  100  calories,  the  tem¬ 
perature  has  reached  100°  C.  Then 
the  temperature  rises  no  higher  with 
continued  heating.  The  water  con¬ 
tinues  to  absorb  the  heat,  but  the 
heat,  instead  of  raising  the  tempera¬ 
ture,  changes  the  water  to  steam.  A 
gram  of  water  at  100°  C.  absorbs 
about  539  calories  in  changing  into 
steam.  The  heat,  amounting  to  539 
calories,  absorbed  by  a  gram  of 
water  at  100°  C.  in  changing  into 
steam  or  vapor  at  100°  C.  is  called 
the  heat  of  vaporization . 

If  you  take  steam  and  cool  it,  it 
condenses  to  liquid  water  at  100°  C. 
In  changing  from  vapor  to  liquid 
each  gram  gives  up  the  539  calories 
of  heat  vaporization.  For  that  reason 
a  burn  from  steam  is  more  severe 
than  a  burn  from  water  at  the  same 
temperature.  There  is  more  heat 
given  out  from  the  condensing  steam 
than  from  the  water  at  the  same  tem¬ 
perature.  The  heat  of  vaporization  is 
hidden,  or  latent,  in  the  steam,  but 
becomes  sensible  when  the  steam  is 
condensed. 

If  you  place  a  thermometer  in  a 
vessel  of  water  with  lumps  of  ice  and 
allow  the  vessel  to  stand  for  some 
time,  you  find  the  temperature  is  0° 
C.  If  you  slowly  heat  the  vessel,  the 
temperature  remains  at  0°  C.  until 
all  the  ice  melts.  During  this  time 
the  water  and  ice  have  steadily  ab¬ 
sorbed  heat,  but  the  heat  does  not 
raise  the  temperature.  While  the  ice 
remains,  the  absorbed  heat  is  used 
in  melting  the  ice.  When  a  gram  of 
ice  at  0°  C.  melts,  it  absorbs  80  cal- 
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ories  in  changing  to  water  at  0°  C. 
The  80  calories  are  called  the  heat 
of  fusion  (melting).  Heat  of  fusion 
is  also  latent  heat. 

When  water  freezes,  it  gives  up  its 
heat  of  fusion.  Florists  and  those  who 
store  vegetables  sometimes  use  the 
heat  of  fusion  to  prevent  the  freezing 
of  flowers  and  vegetables.  Tubs  of 
water  are  placed  in  the  conservatory 
or  the  vegetable  cellar  on  a  cold 
night.  If  the  temperature  falls  below 
32°,  some  of  the  water  may  freeze; 
but  in  freezing  it  gives  up  enough 
heat  to  save  the  flowers  or  vegetables. 

Note  that  for  pure  water  100°  C. 
is  both  the  point  of  vaporization  and 
the  point  of  condensation;  a  gram 
of  water  at  100°  C.  will  vaporize  if 
it  absorbs  539  more  calories,  and 
steam  at  100°  C.  will  condense  if 
it  gives  up  the  absorbed  heat.  Sim¬ 
ilarly,  0°  C.  is  the  fusion  (melting) 
point  of  ice  and  also  the  freezing 
point  of  water;  a  gram  of  ice  at  0° 
will  melt  (fuse)  if  it  absorbs  80 
calories,  and  water  at  0°  will  freeze 
if  it  gives  up  the  absorbed  heat. 

How  the  freezer  makes  ice 
cream.  In  the  ice  cream  freezer  we 
make  use  of  the  heat  of  fusion  (melt¬ 
ing).  When  we  dissolve  salt,  sugar, 
or  other  substance  in  water,  the  solu¬ 
tion  boils  at  a  higher  point  and 
freezes  at  a  lower  point  than  does 
pure  water.  A  saturated  solution  of 
salt  in  water  freezes  at  7.6°  F. 
(—22°  C.).  The  less  salt  in  the  solu¬ 
tion,  the  higher  the  freezing  point 
until  the  freezing  point  of  pure  water 
is  reached  at  32°  F.  (0°  C.). 


When  you  put  salt  on  ice  to  pack 
in  the  ice-cream  freezer,  the  salt  ab¬ 
sorbs  water  from  the  Surface  of  the 
ice  and  forms  a  solution  of  salt.  If 
you  place  pieces  of  ice  in  salt  solu¬ 
tion  at  0°  C.,  the  ice  melts.  The  ice  in 
melting  takes  up  heat  (the  heat  of 
fusion)  and  so  lowers  the  tempera¬ 
ture  of  the  solution.  When  the  ice  in 
the  ice-cream  freezer  melts  in  the  salt 
solution,  it  takes  heat  from  the  cream 
inside  the  can  and  lowers  its  tempera¬ 
ture  below  the  freezing  point  of  the 
cream. 

How  antifreeze  protects  a  car. 

To  prevent  water  from  freezing  in 
automobile  radiators,  pure  water  is 
drawn  out  and  a  solution  substituted. 
The  solution  freezes  at  a  lower  tem¬ 
perature.  Alcohol  and  ethylene 
glycol  are  common  substances  dis¬ 
solved  in  the  radiator  water  to  lower 
its  freezing  point.  The  more  concen¬ 
trated  is  the  solution,  the  lower  the 
freezing  point. 

Heat  and  physical  state.  Just  as 
water  changes  its  state  from  solid  to 
liquid  and  then  to  vapor  on  the  ab¬ 
sorption  of  heat,  so  do  other  sub¬ 
stances.  Some  liquids,  like  alcohol 
and  gasoline,  evaporate  readily  at 
room  temperatures.  Such  liquids  are 
said  to  be  volatile.  Our  common 
gases,  such  as  air,  oxygen,  hydrogen, 
change  to  liquids  and  then  to  solids 
at  very  low  temperatures.  Oxygen 
becomes  liquid  at  — 182°  C.  (which 
is  also  its  boiling  point)  and  freezes 
solid  at  —218°  C.  Many  substances 
that  are  ordinarily  solids  are  melted 
and  then  vaporized  at  very  high  tern- 
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peratures.  Thus  the  melting  point  of 
iron  is  1530°  C.  (2786°  F.)  and  its 
boiling  point  2450°  C.  (4442°  F.). 

Experiment  60 

Question:  How  can  I  make  a  ther¬ 
mometer? 

Materials:  Small  vial;  stopper  with 
hole;  glass  tube;  mercury;  Bunsen  bur¬ 
ner;  beakers;  cracked  ice. 

Directions  and  Results:  (a)  Fill  a 
small  vial  with  mercury  and  cork  it  with 
a  one-hole  rubber  stopper  that  has  a 
narrow  tube  through  it.  Adjust  the  level 
of  the  mercury  in  the  tube  so  that  it  is 
3  inches  above  the  stopper. 

( b )  Immerse  this  thermometer  in  a 
beaker  containing  cracked  ice.  Be  sure 
to  cover  the  vial  completely.  Mark  the 
level  of  the  mercury  in  the  tube  with  a 
rubber  band.  We  call  this  mark  a  fixed 
point  of  the  thermometer,  i.e.,  the  point 
fixed  by  the  temperature  of  melting  ice. 

(c)  We  must  now  locate  another 
fixed  point,  i.  e.,  the  point  fixed  by  the 
temperature  of  boiling  water.  Fasten 
your  crude  thermometer  to  a  ring  stand 
and  slowly  lower  it  into  a  beaker  of 
boiling  water.  Fix  this  level  with  a  band. 
This  is  our  second  fixed  point. 

( d )  To  make  a  Fahrenheit  thermom¬ 
eter,  mark  the  freezing  point  32  and  the 
boiling  212,  and  divide  the  space  be¬ 
tween  the  two  fixed  points  into  180 
equal  parts  or  degrees.  This  may  be 
done  by  dividing  the  distance  into  18 
equal  parts,  each  part  representing  10 
degrees.  To  make  a  centigrade  ther¬ 
mometer,  label  the  freezing  point  0  and 
the  boiling  point  100.  Then  divide  the 
distance  into  100  equal  divisions. 

(e)  Record  the  room  temperature  on 
your  homemade  thermometer.  Compare 
it  with  the  reading  of  a  standard  ther¬ 
mometer. 

Diagram:  A  Homemade  Fahrenheit 
Thermometer. 


Observations:  What  happened  to  the 
mercury  when  the  bulb  was  placed  in 
melting  ice?  What  happened  when  it 
was  placed  in  boiling  water?  The  room 
temperature  as  measured  by  the  ther¬ 
mometer  was . degrees. 

Conclusion:  How  would  you  make  a 
thermometer? 

Experiment  61 

Question:  What  happens  to  solids, 
liquids,  and  gases  when  heated? 

Materials:  Two  flasks  fitted  with  one- 
hole  stoppers  and  straight  glass  tubes 
about  4  inches  long;  glass  vessel  of  wa¬ 
ter  ;  ring  stand,  wire,  weight ;  Bunsen 
burner. 

Directions:  (a)  With  the  wire  hang 
the  weight  from  the  ring  stand  so  that  it 
just  grazes,  but  does  not  touch,  the  base. 
Heat  the  wire  and  note  result. 

( b )  Fill  the  flask  with  water  to  the 
very  top,  and  insert  the  stopper  so  that 
water  rises  in  the  tube.  Heat  the  flask 
and  note  result. 

(c)  Hold  the  second  flask  filled  only 
with  air  so  that  the  tube  is  under  water. 
Note  height  to  which  the  water  rises  in 
the  tube.  Heat  the  flask  very  gently  and 
note  change  in  level  of  water  in  tube. 

Results:  Record  what  happened  in 
each  case. 

Conclusion:  Answer  the  question. 

Application:  Why  is  a  space  left 
between  the  ends  of  two  successive 
rails  of  a  railroad?  Why  does  a 
thermometer  measure  temperature  ? 

Could  you  make  a  thermometer 
using  the  expansion  of  air  instead 
of  mercury? 


Chapter  Twenty-two 

Controlling  the  Passage  of  Heat 


Passing  heat  along.  If  you  pick 
up  a  hot  pot  by  its  metal  handle,  you 
may  drop  it  quickly,  but  you  can 
often  pick  up  just  as  hot  a  pot  by  a 
wooden  handle  without  discomfort. 
If  you  are  a  camper,  you  no  doubt 
have  learned  to  fasten  a  wooden 
handle  to  the  frying  pan.  You  would 
probably  say  that  wood  does  not  get 
so  hot  as  metal.  The  scientist  would 
say  that  metal  is  a  better  conductor 
of  heat  than  is  wood. 

When  you  touch  a  piece  of  iron 
lying  on  a  table,  the  iron  feels  cooler 
than  the  wooden  table  because  the 
metal  conducts  the  heat  away  from 
your  finger  more  rapidly  than  the 
wood  does.  Similarly,  the  metal 
handle  conducts  the  heat  from  the 
pot  to  your  hand.  Heat,  as  you  have 
learned,  is  a  motion  of  molecules. 
Setting  the  molecules  in  motion  in 
this  manner  makes  the  thing  hot.  You 
can  make  iron  hot  by  pounding  it  or 
by  friction  (rubbing).  These  opera¬ 
tions  set  the  molecules  in  motion. 
Conduction  of  heat  is  the  passing 
of  this  molecular  motion  from  one 
group  of  molecules  to  another  group. 

It  is  readily  possible  to  measure 
the  heat  conductivity  of  different 
substances.  If  we  represent  the  con¬ 
ductivity  of  silver  by  10,  the  conduc¬ 
tivity  of  iron  is  2,  wood  0.003,  and 
flannel  0.0004.  These  numbers  are 


only  approximations,  but  they  will 
give  you  some  idea  of  the  very  great 
difference  that  exists  between  the 
ability  of  different  substances  to  con¬ 
duct  heat.  Different  metals  conduct 
heat  at  different  rates.  It  is  an  inter¬ 
esting  home  experiment  to  put  a  pint 
of  water  into  an  enamel  saucepan. 
Put  the  pan  on  the  stove  and  measure 
the  time  it  takes  the  water  to  boil.  Re¬ 
peat,  using  a  pint  of  water  in  an 
aluminum  saucepan  of  the  same  size 
and  similar  in  shape  to  the  enamel 
pan.  If  you  will  compare  the  time 
taken  to  heat  water  in  the  two  pans, 
you  will  learn  something  of  the  con¬ 
ducting  power  of  enamel. 

Have  you  wondered  why  test  tubes 
and  beakers  in  which  we  heat  liquids 
in  the  laboratory  are  made  of  thin 
glass?  It  is  because  thin  glass  when 
heated  does  not  break  so  easily  as 
thick  glass.  When  we  heat  a  thick 
glass  tumbler,  the  outside  starts  to 
expand.  Glass  is  a  poor  conductor  of 
heat,  so  that  the  inside  of  the  tumbler 
warms  slowly  and,  therefore,  is  slow 
to  begin  to  expand.  The  rapid  expan¬ 
sion  of  the  outer  surface  of  the  glass 
breaks  the  tumbler  by  pulling  the 
molecules  apart.  In  a  thin  beaker  the 
inside  surface  receives  its  heat 
sooner  and  starts  to  expand  sooner. 
Therefore  the  thin  glass  is  less  likely 
to  break  when  it  is  heated. 
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How  a  room  heats.  What  makes  the  convection  currents? 


How  a  room  heats.  Have  you 
ever  noticed  that  a  room  is  hotter 
nearer  the  ceiling?  Sometimes  a 
schoolroom  may  be  quite  warm 
enough  for  the  teacher  who  is  stand¬ 
ing,  and  uncomfortable  for  small 
children  at  low  desks.  The  usual  ex¬ 
planation  is  that  heated  air  rises.  A 
little  more  accurately,  air  on  heating 
expands  and  is  lifted  by  cooler  air. 
To  see  how  air  moves  in  a  room, 
hold  a  smoking  punk  stick  above  the 
radiator  in  a  room  near  the  window, 
and  at  other  places  where  air  might 
be  heated  or  cooled. 

How  water  heats.  Did  you  ever 
boil  water  in  a  paper  cup?  Fold  a 
sheet  of  paper  into  a  paper  box.  Fill 
it  with  water  and  place  on  a  wire 
gauze.  Heat  it  with  the  gas  flame  un¬ 


til  it  boils.  You  can  do  this  because 
water  moves  around  the  vessel  as  air 
does  around  the  room,  carrying  the 
heat  away  before  the  paper  reaches 
the  ignition  temperature.  You  can 
see  the  currents  by  dropping  a  few 
bits  of  sawdust  into  a  glass  beaker  of 
water  over  a  gas  flame. 

Both  air  and  water  are  poor  con¬ 
ductors  of  heat.  They  absorb  heat, 
expand,  and  move  freely  about  their 
containers  until  all  is  heated.  The 
scientist  says  they  heat  by  convec¬ 
tion.  The  heat  is  carried  around  (Lat. 
veho,  vectus,  carry). 

You  will  find  many  instances  of 
convection  as  you  look  about  you: 
in  the  ocean  currents,  the  winds 
(see  page  496),  the  radiator  of  an 
automobile.  Test  your  grasp  of  the 
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Above.  How  does  this  experiment 
show  that  water  is  a  poor  conductor 
of  heat?  At  right.  Convection  in  the 
cooling  system  of  an  automobile  is 
shown 

idea  by  explaining  the  movement  of 
the  fluids  or  gases  in  these  instances. 

How  heat  is  transmitted.  Your 
hand  is  warmed  in  the  sun  while  the 
air  above  it  is  cool.  We  say  the  radi¬ 
ant  energy  of  the  sun  is  absorbed 
and  sets  the  molecules  of  the  flesh  in 
more  rapid  motion.  In  this  instance 
heat  is  transferred  by  ( 1 )  radiation. 
When  you  hold  one  end  of  a  wire  in 
the  flame,  the  other  end  soon  gets 
hot.  The  molecules  of  iron  set  in  mo¬ 
tion  by  the  flame  pass  the  motion 
along.  Heat  is  transferred  by  (2) 
conduction.  When  air  or  water  is 
heated  at  the  bottom  of  a  container, 
it  moves  upward  carrying  the  ab¬ 
sorbed  heat.  Heat  is  thus  transferred 
by  (3)  convection. 

Thermos  bottles.  In  refrigera¬ 
tors,  thermos  bottles,  and  fireless 
cookers  we  try  to  prevent  the  trans¬ 
mission  of  heat.  The  construction  of 
a  thermos  bottle  is  shown  on  this 
page.  You  will  see  that  the  bottle  is 
really  two  bottles;  one  inside  the 
other.  The  air  has  been  drawn  out 
from  between  these  two  bottles  and 
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the  bottles  silvered.  When  the  bottle 
is  filled  with  hot  coffee  and  corked, 
the  coffee  can  cool  by  one  of  the  three 
methods  of  heat  transfer — conduc¬ 
tion,  convection,  radiation.  It  cools 
very  slowly  by  conduction,  for  glass 
and  cork  are  very  poor  conductors  of 
heat.  It  cools  very  slowly  by  convec- 


This  milk  truck  is  built  on  the  prin¬ 
ciple  of  the  vacuum  bottle 


Ewing  Galloway,  N.Y. 
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tion  because  the  air  over  the  coffee 
cannot  escape.  It  cools  slowly  by 
radiation  because  the  silvered  mir¬ 
ror  reflects  back  into  the  coffee  the 
radiant  energy  that  it  may  give  off. 
The  object  of  creating  a  vacuum  be¬ 
tween  the  two  bottles  is  to  prevent 
the  occurrence  of  conduction  and 
convection. 

A  thermos  bottle  will  keep  water 
cool  as  well  as  keep  coffee  hot.  The 
process  is  the  same.  If  heat  cannot 
escape  from  the  bottle,  neither  can 
heat  enter  it.  Such  thermos  bottles 
constructed  of  metal  are  used  as  tank 
cars  in  carrying  milk  long  distances. 

How  a  fireless  cooker  cooks. 
The  fireless  cooker  is  really  a  box 
made  of  some  nonconducting  ma¬ 
terial.  A  cereal  you  may  wish  to  cook 
is  first  heated  to  the  boiling  point  on 
the  stove  and  then  the  pot  is  placed 
in  the  fireless  cooker.  Since  the  walls 
of  the  cooker  will  not  transmit  heat, 
the  pot  of  cereal  must  remain  hot  and 
the  cereal  continues  to  cook  for 
hours.  The  cooker  simply  serves  to 
keep  a  hot  food  hot.  Just  as  it  keeps 
hot  food  hot,  it  keeps  cold  food 
cold,  for  all  that  it  really  does  is  to 


prevent  the  transfer  of  heat.  When 
you  go  camping,  build  yourself  a 
fireless  cooker  from  an  old  wooden 
box,  crumpled  newspapers  and  saw¬ 
dust  to  serve  as  insulating  packing, 
and  an  ordinary  kettle  with  a  lid. 
You  will  find  it  a  great  convenience 
to  start  your  beef  stew  before  you  set 
out  on  your  hike  and  to  come  back, 
tired  out,  with  dinner  almost  ready. 

Stopping  the  passage  of  heat. 
A  refrigerator  must  be  so  built  as  to 
keep  out  heat.  That  is,  the  walls  of 
the  refrigerator  must  be  built  of  a 
nonconducting  material.  A  refriger¬ 
ator  with  solid  metal  walls  would  be 
useless,  as  the  metal  could  conduct 
heat  readily  into  the  interior  of  the 
refrigerator.  In  practice,  refrigera¬ 
tors  are  built  with  thin  inner  and 
outer  walls,  and  felt,  sawdust,  and 
air  spaces  between  these  walls  act¬ 
ing  as  nonconductors  or  insulators. 

When  you  are  camping  where  ice 
is  difficult  to  obtain,  you  may  keep  a 
reserve  supply  by  wrapping  the  extra 
ice  in  newspapers  and  burying  it  in 
sawdust.  Ice  thus  wrapped  and  well 
surrounded  by  sawdust  will  keep  for 
a  long  time.  The  more  sawdust,  the 
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A  fireless  cooker.  Insulated  walls  retard  the  passage  of  heat.  Where  does  the 
heat  come  from?  Study  the  insulating  devices  in  the  pictures  of  the  house 
walls 
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less  heat  will  reach  it,  and  the  longer 
it  will  keep.  This  is  the  commonest 
method  of  preserving  natural  ice  in 
ice  houses.  When  ice  is  cut  from  the 
ponds,  it  is  placed  in  large  houses 
having  double  walls  often  filled  with 
sawdust.  The  ice  is  covered  with  saw¬ 
dust  and,  so  protected,  will  last 
through  the  following  summer. 

Dwelling  houses  are  insulated  in 
a  manner  similar  to  that  used  for  re¬ 
frigerators.  Insulating  (nonconduct¬ 
ing)  material  in  the  walls  and  roof, 
or  air  spaces  between  double  walls, 
retard  the  passage  of  heat  outward 
in  winter  and  inward  in  summer. 

How  ice  cools  the  refrigerator. 
An  ice  refrigerator  cools  the  food  in 
the  refrigerator  by  the  melting  of  the 
ice.  To  change  from  ice  into  water, 
the  ice  must  absorb  heat.  (Heat  of 
fusion,  page  165.)  You  have  learned 
that  to  change  a  gram  of  ice  to  water 
at  the  same  temperature,  the  ice  ab¬ 
sorbs  80  calories.  The  heat  that  melts 
the  ice  in  the  refrigerator  comes 
from  the  air  in  the  refrigerator  and 
from  the  food.  Taking  heat  out  of 
the  food  cools  it.  Insulated  walls 
prevent  or  reduce  passage  of  heat 
from  the  outside  into  the  refrig¬ 
erator.  The  food  is  cooled  because  the 
ice  melts.  If  you  wrap  the  ice  in  news¬ 
paper  before  placing  it  in  the  refrig¬ 
erator,  the  ice  will  last  longer  but  it 
will  not  cool  the  refrigerator  so  well. 

The  electric  refrigerator.  Me¬ 
chanical  refrigerators,  whether  elec¬ 
tric,  gas,  or  oil,  cool  by  boiling  or 
vaporizing  a  liquid.  They  use  the 
heat  of  evaporation.  You  must  heat 


water  to  boil  it  because  water  takes 
up  heat  in  changing  to  steam.  You 
learned  that  it  takes  539  calories  to 
change  a  gram  of  water  at  212°  F. 
(100°  C.)  into  steam  at  the  same 
temperature,  the  heat  of  vaporiza¬ 
tion.  Whenever  any  liquid  changes 
to  vapor,  it  takes  up  heat.  That  is  why 
your  wet  hand  feels  cool  as  it  dries 
in  the  air  and  why  your  perspiring 
face  feels  cool  when  you  fan  it.  In 
changing  to  a  vapor,  the  water  takes 
heat  from  your  face  or  hand.  In  the 
mechanical  refrigerator,  whether 
electric,  gas,  or  oil,  a  liquid  is 
changed  to  a  vapor  or  gas,  and  in  so 
doing  takes  up  heat  from  the  food 
compartment,  thus  lowering  its  tem¬ 
perature. 

In  mechanical  refrigerators  a  gas 
is  used  that  easily  changes  into  a 
liquid  and  back  to  a  gas.  Ammonia, 
sulfur  dioxide,  carbon  dioxide,  and 
others  are  employed.  When  am¬ 
monia  gas  is  compressed,  it  changes 
to  a  liquid.  When  the  pressure  is  re- 


Convection  currents  in  an  ice  refrig 
erator.  Note  insulated  walls 


Westinghouse 

This  home  food  freezer  is  built  like  a 
refrigerator 

leased,  it  changes  to  a  gas  and  in  so 
doing  takes  in  heat.  In  the  electric 
refrigerator  a  pump  driven  by  a 
motor  compresses  the  ammonia  gas 
and  changes  it  to  a  liquid.  The  liquid 
ammonia  is  released  from  pressure 
in  pipes  around  the  food  compart¬ 
ment.  In  vaporizing  when  the  pres¬ 
sure  is  released,  it  takes  heat  from 
the  food  compartment  and  cools  it. 
The  ammonia  is  then  led  away 
through  pipes  and  again  compressed 
by  the  electrically  driven  pump. 

Gas  or  oil  refrigeration.  The 
cooling  effect  of  the  evaporation  of 
a  liquefied  gas  also  cools  the  gas  and 
oil  refrigerators.  The  gas,  however, 
is  compressed  in  a  different  manner 
from  that  in  the  electric  refrigerator. 
Ammonia  gas  readily  dissolves  in 
water  but  is  easily  driven  out  of  the 
solution  by  heat.  In  the  refrigerator, 
the  water  containing  the  dissolved 
ammonia  gas  is  sealed  in  a  system  of 
pipes  so  that  it  cannot  escape.  At  one 


place  in  the  system  it  is  heated  by  the 
gas  or  oil  flame  and  the  ammonia 
gas  is  so  driven  out  of  the  solution. 
As  it  leaves  the  water,  the  ammonia 
gas  expands.  Because  the  gas  cannot 
escape,  the  expansion  increases  the 
pressure.  The  increased  pressure 
liquefies  the  ammonia  gas.  Then  the 
liquefied  ammonia  gas  is  allowed  to 
evaporate.  The  evaporation  cools  the 
refrigerator.  Finally,  the  ammonia 
gas  is  again  dissolved  in  water  and 
carried  back  to  the  flame.  There  are 
thus  several  scientific  principles  in¬ 
volved  in  these  operations,  but  the 
cooling  effect  is  due,  as  in  the  elec¬ 
tric  refrigerator,  to  the  evaporation 
of  a  gas  that  has  been  liquefied. 

A  process  similar  to  that  em¬ 
ployed  in  electric  refrigerators  is 
used  in  the  manufacture  of  ice.  Pipe 
coils,  in  which  the  ammonia  or  other 
liquid  vaporizes,  are  immersed  in 
tanks  of  brine  (solution  of  salt). 
This  brine  will  be  cooled  below  the 
freezing  point  of  water  without  itself 

An  electric  refrigerator 

Westinghouse 
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This  is  the  quick  freeze  room  in  a  frozen  food  locker 


freezing.  Cans  of  pure  water  are  low¬ 
ered  into  the  cooled  brine  and  their 
contents  freeze,  making  the  ice 
which  we  buy  from  the  iceman.  Cold 
storage  rooms  are  cooled  by  brine 
circulating  in  pipes  as  shown  in  the 
figure.  Air-conditioned  buildings  are 
cooled  by  currents  of  air  that  have 
passed  over  similar  coils  of  cold 
pipe. 

Experiment  62 

Question:  How  is  heat  transferred? 


Materials:  A  metal  rod  8  inches  to  a 
foot  or  more  long;  a  little  wax  or  can¬ 
dle  grease;  a  beaker  of  water;  a  little 
sawdust;  a  tripod;  a  reading  glass. 

Method:  1.  Support  the  metal  rod  on 
a  tripod;  attach  a  bit  of  wax  or  candle 
grease  to  one  end.  Heat  the  other  end. 
2.  Drop  a  little  sawdust  into  the  beaker 
of  water.  Set  on  tripod.  Slowly  heat  one 
edge  of  the  bottom.  Note  behavior  of 
the  grains  of  sawdust.  3.  When  the  sun 
is  shining  through  a  window,  place  your 
hand  on  the  window  sill  and  then  on  the 
windowpane.  Note  temperature  of  each. 

Focus  the  sun’s  rays  on  the  head  of  a 


How  ice  is  manufactured  and  how  a  cold  storage  plant  is  cooled 
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match  ignites,  feel  the  temperature  of 
the  reading  glass  with  your  hand. 

Results:  Record. 

Conclusion:  Was  the  heat  transferred 
by  the  same  process  in  each  case?  De¬ 
scribe  and  name  each  method. 

Experiment  63  (Optional) 

Why  do  pots  have  wooden  handles? 
Arrange  rods  of  iron,  copper,  alumi¬ 
num,  and  glass  on  a  wooden  holder  as 
shown  above.  Attach  drop  of  candle 
grease  to  outer  ends.  Heat  inner  ends. 
Note  order  in  which  drops  of  candle 
grease  melt.  Does  the  wooden  handle  be¬ 
come  too  hot  to  hold?  Which  substances 
are  good  conductors  and  which  poor 
conductors  of  heat? 

Experiment  64  (Optional) 

Another  method  of  showing  the  con¬ 
vection  in  liquids.  See  the  figure.  Fill 
one  of  the  small  bottles  with  ice  water 
colored  with  black  ink.  Fill  the  other 
with  hot  water  colored  with  red  ink.  Tie 
a  string  around  each  and  lower  into  the 
battery  jar  filled  with  clear  water.  Note 
movement  of  colored  water.  Explain. 


Experiment  65 

Question:  Does  heated  air  weigh  the 
same  as  cold  air? 

Material:  A  flask;  a  balance;  set  of 
weights;  Bunsen  burner. 

Directions:  Place  the  flask  on  the  bal¬ 
ance  pan  and  balance  with  weight. 
Warm  the  flask  gently  with  the  Bunsen 
burner. 

Results:  Report  what  happened. 

Conclusion:  Answer  question. 

Experiment  66 

Question:  What  happens  to  air  when 
it  is  heated? 

Materials:  Box  with  glass  front  as  is 
shown;  candle;  2  lamp  chimneys;  Chi¬ 
nese  punk. 

Directions :  Light  the  candle.  Hold  the 
punk  first  over  one  chimney,  then  over 
the  other. 

Results:  Which  way  was  the  air  mov¬ 
ing  over  the  cold  chimney?  Over  the 
heated  chimney? 

Conclusion:  Answer  the  question. 

Practical  application:  Why  is  the  air 
warmer  near  the  ceiling  of  a  room?  By 
what  process  does  the  warm-air  heater 
heat  the  house?  How  can  this  principle 
be  used  in  ventilating  a  room?  With  the 
Chinese  punk  examine  the  air  currents 
in  your  room  near  the  ceiling;  near  the 
floor;  near  the  windows;  above  and  be¬ 
low  the  radiator.  Open  the  windows  a 
little,  first  at  the  top  and  then  at  the 
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bottom.  Examine  the  currents  at  the  top 
and  bottom  of  the  opened  windows  and 
at  the  space  between  the  upper  and 
lower  sashes. 

Experiment  67  (Optional) 

Heat  insulation.  Why  are  the  walls  of 
fireless  cookers  and  refrigerators  packed 
with  cork,  felt,  or  asbestos?  Fit  two 
wide  bottles  with  stoppers  through 
which  thermometers  are  thrust.  Wrap 
one  with  felt,  wool,  or  cotton.  Fill  both 
bottles  with  the  same  amount  of  hot  wa¬ 
ter  at  the  same  temperature,  about  180° 
F.  Take  the  temperature  of  each  bottle 
every  5  minutes  for  20  minutes.  Then 
empty  the  bottles  and  fill  with  ice  water. 
Read  temperature  as  before. 

Experiment  68 

Question:  How  can  I  show  that  the 
evaporation  of  a  liquid  cools  the  sur¬ 
roundings? 

Materials:  100-cc.  beaker;  block  of 
wood;  ether;  bicycle  pump. 

Caution. — Do  not  have  gas  or  other 
flame  in  the  room.  Ether  vapor  is  very 
inflammable  and  explosive.  Do  not 
breathe  the  ether  fumes.  They  are  dan¬ 
gerous. 

Directions:  On  one  of  the  square 
sides  of  a  wood  block  2"  X  2"  X  1” 
place  3  drops  of  water.  Set  on  top  of 
this  a  beaker  which  has  been  filled  to  a 
depth  of  \  inch  with  ether. 

Holding  the  beaker  firmly  on  the 
block,  have  your  assistant  direct  a 
stream  of  air  from  the  pump  over  the 
surface  of  the  ether  in  the  beaker.  Why? 

When  all  of  the  ether  has  just  evap¬ 
orated,  try  to  lift  the  beaker  from  the 
block. 

Observations:  Why  did  the  beaker 
stick  to  the  block? 


What  happened  to  the  film  of  water? 

Where  did  the  heat  that  was  used  to 
evaporate  the  ether  come  from? 

Conclusion:  What  effect  does  evapo¬ 
ration  produce? 

Practical  application:  When  a  runner 
has  finished  a  race,  why  does  he  put  on 
a  sweat  shirt?  Why  is  it  unwise  to  sit 
in  a  draft  when  perspiring? 

Experiment  69  (Optional) 

Question:  How  can  I  see  the  cooling 
effect  caused  by  the  evaporation  of  a 
liquid? 

Materials:  8-oz.  bottle;  cork;  cotton 
wicking;  carbon  bisulfide. 

Caution. — Carbon  bisulfide  is  very 
inflammable.  It  must  be  kept  away  from 
fire. 

Directions:  Cut  a  hole  about  in 
diameter  in  the  cork.  Through  this  pull 
cotton  wicking.  Make  the  wicking  long 
enough  to  reach  the  bottom  of  the  bottle 
and  project  about  1"  beyond  the  cork. 
Fill  the  bottle  about  J  full  of  carbon 
bisulphide  and  fit  the  cork  tightly  into 
the  mouth  of  the  bottle.  Put  the  bottle  in 
the  open  air  outside  the  window.  Let  it 
stay  there  for  at  least  15  minutes.  The 
time  necessary  will  depend  upon  the 
amount  of  moisture  in  the  air  and  the 
temperature  at  the  time  the  experiment 
is  performed. 

Bring  the  bottle  into  the  room  and 
touch  the  deposit  on  the  wick.  1.  What 
has  formed  on  the  wick?  2.  How  can 
you  explain  this  formation?  3.  What 
has  happened  to  the  liquid  in  the  bottle? 

Diagram:  Show  bottle,  wick,  and 
snow  formation. 

Conclusion:  Answer  the  question. 

Practical  application:  Think  of  two 
or  three  cases  in  which  you  have  made 
use  of  this  fact. 


Chapter  Twenty-three 

Heating  Our  Homes 


Early  methods.  We  know  of  no 
men  who  did  not  use  fire.  Cave  men 
of  the  Old  Stone  Age  have  left  their 
fireplaces.  The  Indians  built  a  fire  in 
the  center  of  their  wigwams  and  al¬ 
lowed  the  smoke  to  pass  out  through 
an  opening  in  the  top.  As  man  be¬ 
came  more  settled  and  learned  to 
build  houses,  the  difficulty  of  keep¬ 
ing  warm  in  these  houses  in  winter 
was  great.  The  Romans  overcame 
this  difficulty  with  what  they  called  a 


hypocaust.  This  consisted  of  small 
compartments  built  under  the  house. 
Here  fires  were  placed,  and  the  hot 
air  passed  by  convection  through 
openings  into  the  room  above.  It 
finally  occurred  to  some  bright 
man  that  it  would  be  possible  to  re¬ 
place  this  by  a  chimney  and  an  open 
fireplace.  In  the  pioneer  days  of 
America  the  open  fireplace  was  used. 

In  1742  Benjamin  Franklin  in¬ 
vented  what  was  called  a  Pennsyl - 


Compare  the  Roman  hypocaust  shown  in  the  diagram  with  the  modern  heat¬ 
ing  system  of  the  rooms  pictured 
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vania  Fireplace .  This  early  form  of 
stove  made  it  possible  for  the  first 
time  in  history  to  warm  a  dwelling 
place  in  the  wintertime.  We  still  use 
open  fireplaces,  but  they  are  very  in¬ 
efficient  as  heating  devices  and  are 
used  mainly  for  the  pleasure  of  sit¬ 
ting  by  an  open  fire.  A  stove  is  much 
more  efficient.  Today,  we  use  hot-air 
heating,  steam  heating,  and  hot- 
water  heating  as  means  of  keeping 
ourselves  comfortable  in  the  winter¬ 
time.  In  the  latest  systems  thermo¬ 
stats  keep  the  rooms  at  the  desired 
temperature.  Experience  and  experi¬ 
ment  have  shown  that  the  best  tem¬ 
perature  is  68°  F. 

Warm-air  heating.  The  simplest 
method  of  heating  a  house  is  warm- 
air  heating.  An  air  compartment  is 
placed  over  the  fire  box  of  a  furnace 
and  fresh  cold  air  is  brought  into  the 
air  compartment  from  the  outside  of 

Three  steps  in  heating:  1.  The  fire¬ 
place.  2.  The  Franklin  stove.  3.  The 
pot-bellied  stove.  The  stove  heats  the 
room  by  radiation  and  convection 

( 1 )  Black  Star,  (2)  The  von  Trotts,  (3) 

International  News 


HEAT  ENERGY 


178 


Warm-air  heating  system. 
Why  does  warm  air  go  to 
the  rooms?  Where  does 
more  air  enter  the  system? 
Do  burned  gases  enter  the 
rooms?  (Note  the  flue.) 
How  does  this  system  aid 
ventilation? 


the  building  through  a  pipe  or  con¬ 
duit.  The  cold  air,  when  heated  by 
the  furnace,  becomes  lighter,  and 
rises  through  pipes  that  lead  to  the 
rooms  above.  The  warm  air  passes 
directly  into  the  rooms  through  open¬ 
ings  in  the  wall  or  floor,  and  thus  the 
cooler  air  of  the  room  is  replaced  by 
warm  air.  Hence,  convection  is  the 
method  of  getting  heat  from  the  fur¬ 
nace  to  the  rooms.  Ventilation  of  the 
rooms  is  secured  by  the  constant  ad¬ 
mission  of  fresh  air  to  the  air  com¬ 
partment  in  the  furnace. 

The  disadvantages  of  this  method 
are  the  difficulty  of  obtaining  a  uni¬ 
form  heating  of  the  house,  and  the 
space  that  the  pipes  require.  A  strong 
wind  blowing  against  one  side  of  the 
house  changes  the  direction  of  the 
rising  currents  of  warm  air,  so  that 
certain  rooms  become  difficult  to  heat 
when  the  weather  is  windy. 

Steam  heating.  Steam  is  gener¬ 
ally  used  for  heating  apartments  in 


large  cities.  The  heating  plant  con¬ 
sists  of  a  water  boiler  with  a  fire 
underneath  it.  The  water  is  boiled, 
converted  into  steam,  and  this  steam 
is  forced  by  its  pressure  through  the 
pipes  to  the  radiators  placed  in  the 
various  rooms.  In  the  radiators, 
steam  is  condensed  to  water,  and  the 
water  then  flows  down  a  pipe  back  to 
the  boiler.  Convection  thus  carries 
the  heat  to  the  radiator.  The  radiator 
heats  the  air  about  it.  The  heated  air 
rises  and  so  the  room  is  heated  by 
convection. 

The  heat  that  warms  the  room  in  a 
steam  system  is  chiefly  the  heat  of 
vaporization.  You  have  learned  that 
when  a  gram  of  water  at  100°  C. 
changes  to  steam  at  100°  C.,  it  ab¬ 
sorbs  539  calories.  When  the  steam 
is  condensed,  all  this  heat  of  vapori¬ 
zation  is  given  out. 

Steam  heat  is  a  cheap,  quick  way 
of  heating.  It  has  the  disadvantage 
that  it  is  difficult  to  have  only  a  little 
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Steam-heating  system.  Why 
does  the  steam  go  to  the 
radiators?  In  many  systems 
there  is  only  one  connec¬ 
tion  with  each  radiator. 
How  does  the  condensed 
steam  return  to  the  heater? 


heat.  On  a  chilly  day,  when  only  a 
little  heat  is  needed,  the  rooms  are 
likely  to  become  too  hot. 

If  a  partial  vacuum  is  maintained 
in  the  steam  pipe,  water  may  be  made 
to  boil  at  a  lower  temperature.  By 
using  this  principle  in  a  steam-heat¬ 
ing  plant,  it  is  possible  to  get  a  small 
amount  of  heat  for  a  chilly  spring 
day.  This  is  the  vapor  system  of 
heating . 

Hot-water  heating.  The  hot- 

water  plant  in  the  basement  consists 
of  a  larger  boiler  than  would  be  used 
for  a  steam  plant  and  hot-water  pipes 
leading  from  the  boiler  to  the  radia¬ 
tors  in  the  various  rooms.  The  entire 
system  is  filled  with  water.  The  fire 
heats  the  water  in  the  boiler,  it  ex¬ 
pands,  becomes  less  dense,  and  rises 
to  the  radiators.  Here  it  warms  the 
radiators  and  these  in  turn  warm  the 
room.  As  the  water  in  the  radiator 
cools,  it  becomes  heavier  and  returns 
through  a  second  pipe  to  the  bottom 
of  the  water  boiler.  Thus  a  constant 
circulation  of  water  takes  place. 


As  the  water  is  heated,  it  expands 
and  some  provision  must  be  made  to 
take  care  of  this  expansion,  as  other¬ 
wise  a  pipe  would  crack.  An  expan¬ 
sion  tank  is  often  placed  in  the  attic. 
When  the  water  expands,  it  rises  into 
the  expansion  tank,  and  when  the 
water  in  the  system  contracts,  it 
flows  back  again.  Sometimes  instead 
of  an  expansion  tank  small  valves  are 
placed  in  the  water  pipe  connecting 
the  boiler  with  the  house  water  sys¬ 
tem.  These  valves  are  so  arranged 
that  when  expansion  occurs,  a  small 
quantity  of  water  is  forced  out  of  the 
hot-water  system  through  the  valve. 
If  the  fire  is  extinguished,  a  small 
amount  of  water  is  admitted  to  the 
system  from  the  water  pipe.  Hot- 
water  heat  has  the  disadvantages 
that  usually  larger  radiators  are  re¬ 
quired  than  with  steam  and  that  its 
first  cost  is  greater.  It  has  the  advan¬ 
tage  that  it  is  possible  to  obtain  a 
small  amount  of  heat  by  using  a 
small  fire  on  slightly  chilly  days. 
(See  page  180.) 
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A  hot-water  heating  system.  What  is  indicated  by  the  black  pipes  and  the 
white  pipes?  Why  does  the  water  circulate?  What  is  the  purpose  of  the 
tank  in  the  attic? 


Heating  by  electricity.  Where 

electricity  is  cheap,  a  very  simple 
and  convenient  way  of  heating  homes 
is  by  the  use  of  electric  heaters. 
When  an  electric  current  passes 
through  a  wire  that  offers  a  consider¬ 
able  resistance  to  its  passage,  the 
wire  becomes  hot.  An  electric  light 
bulb  is  warm  when  the  current  is  on. 
Thus  electrical  energy  is  changed 
into  heat  energy.  Electric  heaters  are 
often  provided  with  polished  reflec¬ 
tors  so  as  to  direct  heat  where  it  is 
needed.  They  are  very  convenient, 
but  the  cost  of  operation  is  usually 
so  high  that  they  are  used  only  as  a 
means  of  obtaining  a  small  amount 
of  heat,  as  when  we  wish  to  raise  the 
temperature  of  the  bathroom  a  few 
degrees. 

Gas  and  oil.  Gas  is  a  convenient 
fuel.  Like  electricity,  however,  it 
costs  more  than  coal,  so  that,  while 
it  has  the  advantage  of  leaving  no 


ashes  to  be  carried  out,  most  of  us 
cannot  afford  to  use  it  as  a  fuel  for 
heating  our  homes. 

Of  late  years  fuel  oil ,  one  of  the 
products  obtained  in  refining  crude 
petroleum,  has  been  used  extensively 
as  a  fuel.  A  heating  plant  which  uses 
oil  as  fuel  combines  the  maximum 
of  convenience  with  the  minimum 
of  attention  required  and  costs  only 
a  little  more  than  a  plant  which  uses 
coal.  Either  a  steam  or  hot- water  sys¬ 
tem  can  be  used.  The  boiler  in  the 
cellar  is  heated  by  a  flame  of  burn¬ 
ing  oil.  Thermostats  are  provided 
in  the  various  rooms  so  that  when 
the  temperature  becomes  too  high, 
an  electric  device  in  the  cellar  cuts 

A1R  MIXTURE  OF 
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The  burner  of  a  gas  stove.  Compare 
with  a  Bunsen  burner  on  page  182 


HEATING  OUR  HOMES 


181 


The  diagram  shows  the  principle  of 
the  oil  burner.  Why  is  a  fan  neces¬ 
sary?  Why  is  the  oil  atomized? 


off  the  supply  of  oil.  In  a  well-de¬ 
signed  plant,  after  the  first  lighting 
of  the  oil  burner  the  plant  needs  little 
attention. 

Ventilation.  Heating  must  al¬ 
ways  be  considered  in  connection 
with  ventilation.  A  room  may  be 
heated  to  the  proper  temperature  of 
68°  F.;  but  if  it  is  not  ventilated,  it 
soon  becomes  uncomfortable  and 
dangerous  to  health.  Odors  from  the 
body  contaminate  the  air.  Moisture 


from  the  body  may  make  it  too 
humid  for  comfort.  Stagnant  air 
does  not  carry  away  the  heated  moist 
air  next  to  our  bodies,  and  so  inter¬ 
feres  with  evaporation  of  perspira¬ 
tion  and  cooling.  Ventilation  to  be 
fully  satisfactory  must  perform 
three  functions:  (1)  It  must  supply 
fresh  air  and  remove  the  air  tainted 
with  bodily  odors.  (2)  It  must  cor¬ 
rect  too  great  humidity  that  inter¬ 
feres  with  evaporation  of  perspira¬ 
tion,  and  it  must  correct  too  great 
dryness  that  irritates  the  mucous 
membranes.  (3)  It  must  create  gen¬ 
tle  currents  of  air  that  are  not  strong 
enough  to  be  dangerous  drafts. 

The  open  fireplace  creates  its  own 
ventilation.  A  stove  equipped  with 
fresh-air  drafts  heats  the  air  that  is 
turned  into  the  room.  The  warm-air 
furnace  is  similarly  equipped. 
Steam  and  hot-water  systems  do  not 


A  system  of  forced  ventilation  for  schools  and  other  public  buildings 
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window  board.  Account  for  the  path 
of  the  current 

provide  their  own  ventilation.  In 
schools,  theaters,  and  other  places  of 
assemblage  fresh  air  is  admitted  and 
foul  air  removed  through  air  pas¬ 
sages.  The  air  passages  are  often 
heated  by  steam  radiators.  Fans  are 
sometimes  installed  in  the  air  pas¬ 
sages  to  blow  the  fresh,  heated  air 
into  the  rooms,  or  draw  out  the  foul 
air.  In  our  homes  we  rely  largely 
upon  window  ventilation,  and  school¬ 
rooms  are  generally  improved  by 
the  additional  ventilation  at  the  win¬ 
dows.  As  long  as  the  temperature  of 
the  air  outside  is  lower  than  that  in¬ 
side,  convectional  currents  will  ven¬ 
tilate.  Windows  should  be  open  at 
the  top  and  bottom.  A  window  board 
at  the  bottom  should  be  used  to  pre¬ 
vent  drafts  upon  persons  near  the 
windows.  The  cooler  air  will  enter 
the  bottoms  of  the  window  and  lift 
the  warmer,  lighter  air,  which  will 

pass  out  the  top  (Experiment  No. 

73). 

Experiment  70 

Question:  To  illustrate  the  construc¬ 
tion  and  use  of  a  Bunsen  burner. 

Materials:  Desk  apparatus;  Bunsen 
burner;  limewater;  charcoal;  glass  rod. 


A  Bunsen  burner. 
How  is  the  prin¬ 
ciple  of  the  Bunsen 
burner  used  in  the 
oil  burner? 


Directions:  {a)  Unscrew  the  barrel 
from  the  base  of  a  Bunsen  burner.  Slip 
the  collar  (regulator)  from  the  tube. 
Connect  the  base  of  the  burner  to  the 
gas  outlet.  Light  the  gas  at  the  base  and 
note  the  color  of  the  flame.  Extinguish, 
and  assemble  the  parts  of  the  burner. 
Turn  the  collar  in  order  to  close  the  holes, 
and  light  the  burner.  Note  the  color  of 
the  flame.  Turn  the  collar  so  as  to  open 
the  holes,  and  again  note  the  color  of 
the  flame.  1.  Compare  the  color  of  the 
flame  when  the  holes  are  open  with  the 
color  when  the  holes  are  closed. 

(b)  Tap  a  piece  of  charcoal  (car¬ 
bon)  against  the  open  holes.  Note  the 
change  in  the  color  of  the  flame.  Close 
the  holes  and  hold  a  glass  rod  in  the 
flame  for  a  second  or  two.  2.  Why  did 
the  charcoal  make  the  flame  luminous? 

3.  What  is  the  deposit  on  the  rod?  Hold 
the  blackened  glass  rod  in  blue  flame. 
What  happens  to  flame  and  deposit? 

(c)  Hold  an  empty  4-oz.  wide-mouth 
bottle  inverted  over  the  blue  flame  for  a 
few  seconds.  Make  the  test  for  the  pres¬ 
ence  of  carbon  dioxide  by  shaking  a 
teaspoonful  of  limewater  in  the  bottle. 

4.  Account  for  the  milky  precipitate  in 
the  bottle. 

( d )  Hold  a  cold,  dry,  4-oz.  wide- 
mouth  bottle  inverted  over  a  Bunsen 
burner  flame  for  two  or  three  seconds. 

5.  What  collects  on  the  inner  surface  of 
the  bottle?  Since  the  air  furnishes  the 
oxygen  necessary  to  make  this  com¬ 
pound,  what  element  must  be  furnished 
by  the  gas? 

Conclusion:  6.  How  does  the  burner 
of  a  gas  stove  resemble  a  Bunsen 
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burner?  7.  How  should  you  remedy  a 
smoky  flame?  8.  What  should  you  do 
to  prevent  a  flame  from  striking  back, 
i.  e.,  burning  inside  the  tube  at  the 
base?  9.  Explain  why  the  flame  of  a 
Bunsen  burner  loses  color  when  the  reg¬ 
ulator  holes  are  opened.  10.  What  is  the 
advantage  of  the  Bunsen  burner? 

Experiment  71  (Optional) 

To  make  a  model  of  a  steam-heating 
plant.  Arrange  apparatus  as  in  the  fig¬ 
ure.  Draw  a  diagram  of  your  arrange¬ 
ment  and  label  the  parts  to  correspond 
with  those  of  a  steam-heating  plant  as 
in  diagram. 

Experiment  72 

Question:  How  does  a  hot- water 
boiler  or  a  hot-water  heating  system 
work? 

Materials:  Apparatus  arranged  as  in 
the  diagram.  Fill  with  water,  using  the 
funnel  tube  to  fill  the  tubes. 

Method:  Heat  the  water  in  the  flask. 
Feel  the  tubes  at  various  parts  every  few 
minutes. 


Results:  Record  the  observations  in 
the  change  of  temperature  and  move¬ 
ment  of  water. 

Conclusion:  What  mode  of  heat  trans¬ 
ference  is  involved  in  this  heating  sys¬ 
tem? 

Application:  Compare  with  page  47, 
and  on  your  diagram  of  the  apparatus 
label  the  parts  corresponding  to  the  wa¬ 
ter  jacket  around  the  heater  or  the  heat¬ 
ing  coil,  the  water  storage  tank,  the 
radiator.  Compare  this  apparatus  with 
the  radiator  system  in  an  automobile. 
Compare  with  the  diagram  on  page  180 
and  identify  corresponding  parts. 

Experiment  73 

Question:  How  should  a  room  be  ven¬ 
tilated? 

Materials:  A  box  prepared  as  shown, 
Chinese  punk  or  other  source  of  smoke. 

Method:  Light  the  candles  and  close 
the  glass  front  of  the  box.  1.  Remove  a 
cork  at  the  top  of  one  side.  Insert  a 
lighted,  smoking  stick  of  punk  in  the 
top  hole  and  note  the  direction  of  the 
smoke  current.  2.  Remove  the  corks  at 
the  bottom  of  one  side  and  note  the  cur¬ 
rents.  3.  Remove  corks  from  top  and 
bottom  of  the  same  side  and  note  cur¬ 
rents  by  holding  the  punk  just  outside 
and  then  just  inside  the  holes  at  the  top 
and  bottom.  4.  Now  try  removing  the 
corks  at  top  of  one  side,  and  bottom  of 
the  other  side  and  study  the  currents. 

Results:  Draw  a  series  of  diagrams 
showing  how  the  air  circulates  in  each 
case. 

Conclusion:  How  should  windows  be 
opened  to  secure  continuous  ventilation 
of  a  room? 
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Questions  to 

1.  When  the  screw  top  of  a  jar 
sticks,  it  can  sometimes  be  loosened  by 
plunging  the  top  for  just  a  moment  into 
hot  water.  Why  should  it  not  be  longer 
than  a  few  seconds? 

2.  How  would  nightfall  affect  the 
altitude  of  a  balloon? 

3.  When  alcohol  is  used  in  an  auto¬ 
mobile  radiator,  why  is  the  radiator  not 
filled  to  the  top? 

4.  Examine  a  coffee  percolator  to 
learn  why  the  water  circulates. 

5.  Is  water  hotter  when  boiling  vig¬ 
orously  than  when  boiling  slowly? 

6.  How  cold  could  a  thing  be?  How 
hot  could  it  be?  Give  reasons  for  your 
answers. 

7.  What  is  in  the  bubbles  that  rise 
in  boiling  water?  Why  do  they  rise? 

8.  A  South  African  water  bag  is 
made  of  material  that  allows  water  to 
ooze  through  very  slowly.  When  hung 
in  a  tree,  the  water  inside  cools  to  a 
pleasant  drinking  temperature.  Why? 

9.  In  horse-and-buggy  days  people 
sometimes  put  a  hot  stone  or  flatiron  in 
the  carriage  to  warm  their  feet  on  cold 
winter  drives.  Would  a  hot-water  bag  at 
the  same  temperature  and  of  approxi¬ 
mately  the  same  weight  be  better  or 
poorer? 

10.  Explain  several  ways  in  which 
you  could  keep  food  cool  in  camp. 

11.  Why  do  pokers  often  have  coiled 
wire  handles? 

12.  Growers  of  winter  wheat  (wheat 
planted  in  the  fall)  like  to  see  snow  lie 
on  the  ground  all  winter.  Why? 

13.  Is  it  a  good  or  poor  plan  to 
paint  a  radiator  in  your  home? 

14.  Why  are  building  tiles  hollow? 

15.  Would  a  tank  of  ice  water  cool 
a  refrigerator  as  much  as  an  equal  vol¬ 
ume  of  ice  at  the  same  temperature?  Ex¬ 
plain. 

16.  Why  is  ice  placed  at  the  top  of 
a  refrigerator? 


Think  Out 

17.  Is  it  good  or  poor  economy  to 
wrap  ice  in  a  newspaper  before  putting 
it  into  the  refrigerator? 

18.  When  a  fire  is  being  lighted  in 
a  fireplace,  smoking  may  often  be  pre¬ 
vented  by  holding  burning  paper  at  the 
top  of  the  fireplace.  Why  does  this  pre¬ 
vent  smoking? 

19.  Explain  why  a  high  chinmey 
makes  a  better  draft. 

20.  Why  is  iron  better  material  than 
stone  to  build  stoves?  What  would  be 
better  than  iron? 

21.  Why  are  furnaces  sometimes 
covered  with  asbestos? 

22.  Study  the  possibilities  of  heat  leak¬ 
age  in  your  home,  and  the  correction. 
Study  at  the  same  time  the  ventilation. 

23.  Water  may  leave  a  radiator  at 
the  same  temperature  as  that  at  which 
the  steam  entered.  What  then  gives  heat 
to  the  room? 

24.  Why  does  a  hot-water  system  need 
larger  radiators  than  a  steam  system? 

25.  A  man  found  that  his  furnace 
fire  would  not  burn  brightly  when  there 
was  an  east  wind.  His  neighbor’s  house 
on  the  east  was  higher  than  his.  How 
could  he  get  a  better  draft  without  the 
expense  of  building  a  higher  chimney? 
Before  reading  further,  stop  and  think 
about  it.  After  you  have  thought  about 
it,  read  in  the  next  sentence  what  he 
actually  did.  He  substituted  coke  for 
coal  in  his  furnace  and  had  no  further 
trouble.  Can  you  explain  why? 

26.  In  sunny  climates,  such  as  Cali¬ 
fornia  and  Florida,  water  for  the  house 
is  sometimes  heated  in  a  set  of  pipes  on 
the  roof,  as  in  the  figure  below.  Explain 
how  it  works. 


Unit  Six 

Sound 


You  have  probably  never  asked  what  sound 
is,  how  it  reaches  you,  how  you  hear  it,  what 
makes  one  sound  differ  from  another.  They  are 
the  sort  of  questions  that  the  scientist  asks. 
Experiment  and  observation  give  answers. 

Learning  the  laws  of  sound  and  other  laws 
of  science  has  made  it  possible  to  let  a  large 
medical  audience  listen  to  the  beating  of  a 
patient’s  heart.  Sound  is  energy  and  may  be 
converted  to  other  forms  of  energy.  It  is  so  con¬ 
verted  by  nature  in  our  ears.  It  is  so  converted 
by  man  in  the  radio  that  it  enables  an  officer 
on  the  ground  to  talk  with  the  distant  airman, 
and  voices  from  the  other  side  of  the  earth  to 
be  reproduced  instantly  in  our  own  home 
rooms.  These  latter  conversions  of  sound  we 
shall  study  in  our  unit  on  electricity,  for  it  is 
through  electric  energy  that  the  voice  and  other 
sounds  are  sent  to  distant  parts  of  the  earth. 

In  this  unit  we  shall  study  the  answers  to  the 
questions  raised,  and  shall  learn  a  little  about 
how  the  use  of  sound  adds  to  the  harmony  and 
melody  of  our  environment.  The  art  of  music 
arose  in  the  dim  past  of  the  human  race.  Sav¬ 
ages  in  the  tropical  forest  are  musical.  Today 
the  great  musicians  are  familiar  with  the  find¬ 
ings  of  science,  and  in  their  hands  sound  has 
become,  so  some  say,  a  vehicle  of  the  highest 
form  of  art. 

( 1 )  Harold  M.  Lambert,  (2)  The  von  Trotts,  (8)  G.  A.  Douglas 
from  Gendreau,  (4)  Ewing  Galloway,  N.Y. 


Chapter  Twenty-four 

What  Sound  Is 


What  starts  sound?  Perhaps 
you  have  seen  a  toy  consisting  of  a 
big  cardboard  bumblebee  fitted  with 
a  rubber  band  that  hums  as  one 
swings  it  around  on  the  end  of  a 
string.  Let  us  see  why  the  bee  hums. 
Stretch  a  rubber  band  and  pluck  it 
to  make  it  vibrate.  You  hear  it  hum. 
The  vibration  starts  the  sound. 
Touch  the  middle  of  a  vibrating 
rubber  band  to  a  light  suspended 
body,  as  a  ping-pong  ball,  or  a  pith 
ball.  The  ball  is  thrown  to  one  side, 
showing  that  the  band  strikes  it  with 
considerable  force.  The  vibrating 
rubber  band  makes  the  cardboard 
bumblebee’s  hum.  Strike  a  tuning 
fork  and  touch  it  to  the  pith  ball  or 
touch  it  very  lightly  to  the  surface 
of  water  in  a  glass.  Do  the  same  with 
a  sounding  bell.  These  sounds  are 
evidently  started  by  vibration. 

Let  use  examine  a  few  more 
sounds.  Place  the  pith  ball  or  a  few 


This  diagram 
shows  that  a 
sounding  tuning 
fork  vibrates 
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tiny  shot  on  the  head  of  a  drum  or 
the  bottom  of  a  dishpan.  Beat  the 
drum  or  the  dishpan.  Here  is  more 
vibration.  Suspend  a  light  pith  ball 
in  a  test  tube  and  blow  across  the  end 
of  the  test  tube.  More  vibration. 
Lay  the  pith  ball  on  the  end  of  a 
table  and  strike  the  other  end  with  a 
hammer.  More  vibrations.  You  can 
easily  devise  other  simple  experi¬ 
ments  to  investigate  the  cause  of 
other  sounds. 

What  carries  sound?  An  air 
pump,  a  bell  jar,  and  an  alarm  clock 
will  help  us  to  get  an  answer  to  this 
question.  Set  the  alarm  clock  on  the 
platform  of  the  air  pump,  cover  it 
with  the  bell  jar,  and  let  the  alarm 
go  off.  You  can  hear  the  bell.  Then 
pump  out  the  air  and  let  the  alarm 
go  off  again.  You  cannot  hear  it,  or 
you  can  hear  it  only  very  faintly. 
The  vibrating  bell  sets  the  air  to  vi¬ 
brating.  The  air  vibrations,  or  sound 
waves ,  as  they  are  generally  called, 
carry  the  bell’s  vibrations  to  your 
ear. 

When  you  were  in  swimming,  did 
you  ever  hold  your  head  under  water 
while  someone  knocked  two  stones 
together?  If  so  you  heard  the  knock¬ 
ing  better  than  through  the  air.  A 
hundred  years  ago  it  was  determined 
in  Lake  Geneva  that  sound  travels 
about  five  times  as  fast  under  water 
as  through  air.  Fog  signals  sent  out 
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Ewing  Galloway,  N.Y. 

Water  waves  expand  in  concentric  rings, 
sound  waves  expand  in  concentric 
spheres 


under  water  from  a  lighthouse  or 
other  station  can  be  picked  up  by 
ships.  In  modern  sea  warfare  listen¬ 
ers  are  constantly  on  the  alert  for 


under-water  sounds  that  tell  that  an 
enemy  submarine  is  near. 

Lay  your  head  with  one  ear  on  a 
table,  close  the  other  ear  witli  your 
finger,  and  have  someone  tap  the  far 
of  the  table.  How  does  the 


end 


sound  travel  to  you?  Have  you  no¬ 
ticed  the  racket  upstairs  when  some¬ 
body  pounds  the  steam  pipes  in  the 
cellar?  Did  you  ever  put  your  ear 
on  the  rail  and  listen  for  a  distant 
train,  or  have  you  put  your  ear  on  a 
trolley  pole?  Have  you  read  how 
the  Indians  or  the  Africans  put  their 
ears  to  the  ground  to  listen  for  the 


sound  of  distant  marching  men?  The 
dentist’s  grinding  is  louder  to  you 
than  to  the  dentist  because  the  sound 


reaches  you  through  the  bones  of 
your  head.  Deaf  persons  can  some¬ 
times  hear  by  means  of  an  instru¬ 
ment  that  carries  sound  vibrations 
through  the  skull  instead  of  through 
the  ear  channel. 

Air,  water,  wood,  metal,  bone,  and 
many  other  substances  carry  sound 
vibrations.  Some  liquids  carry  cer¬ 
tain  vibrations  better  than  does  air. 
Solids  in  general  are  still  better  for 
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SOUND 


the  transmission  of  sound.  On  the 
moon,  where  there  is  no  atmosphere 
and  no  liquid,  there  can  be  no  trans¬ 
mission  of  sound  except  through 
solid  material. 

Velocity  of  sound  waves.  In  a 
thunderstorm  the  flash  of  lightning 
and  the  thunder  are  produced  at  the 
same  instant,  yet  we  often  hear  the 
thunder  a  considerable  time  after 
we  see  the  lightning.  This  is  because 
the  velocity  (speed)  of  light  waves 
is  very  great,  186,000  miles  a  sec¬ 
ond,  while  the  velocity  of  sound 
waves  is  very  much  less,  being  only 
about  1100  feet  a  second.  Knowing 
this  figure,  you  can  often  tell  how 
far  away  a  storm  is.  Suppose  you  see 
a  flash  of  lightning  and  10  seconds 
later  you  hear  thunder.  The  time 
taken  by  the  light  waves  (lightning) 
to  reach  your  eye  is  such  a  small 
fraction  of  a  second  that  we  can  neg¬ 
lect  it.  Since  sound  travels  1100 
feet  a  second,  in  10  seconds  it  will 
have  gone  11,000  feet  or  the  storm 
is  more  than  2  miles  away.  Try  the 
game  during  the  next  thunderstorm. 


REFLECTING  SURFACE 


W ater  waves  reflected  wave0 
from  sides  of  a  pan  \ 


REFLECTED  SOUND 
WAVE  OR  ECHO 

Echo  is  due  t 
sound  waves  ri 
fleeted 


You  will  count  seconds  if  you  say 
the  following  at  ordinary  conversa¬ 
tional  rate:  “A  bushel  of  thunder,  2 
bushels  of  thunder,  3  bushels  of 
thunder,  etc.”  Divide  the  number  of 
seconds  by  5,  for  1100  feet  equals 
about  i  of  a  mile.  The  result  will 
tell  you  about  how  many  miles  away 
the  lightning  flashed. 

Echoes.  Have  you  shouted  at  a 
cliff  and  heard  the  echo?  Or  have 
you  heard  an  echo  in  an  empty  audi¬ 
torium?  You  can  imitate  with  water 
waves  the  process  that  causes  the 
echo.  Fill  a  vessel  with  water  and 
then  strike  the  water  gently  in  the 
center.  You  will  see  that  a  wave  is 
produced  that  gradually  spreads 
out  until  it  reaches  the  wall  of  the 
vessel.  After  breaking  against  the 
restraining  wall,  the  wave  doubles 
back  toward  the  center  of  the  water. 
This  doubling  back  is  called  reflec¬ 
tion .  Sound  waves  may  be  reflected 
in  a  similar  way.  If  we  face  a  cliff 
and  shout,  in  a  short  time  the  sound 
returns  to  us  because  the  sound  is  re¬ 
flected  from  the  cliff  and  comes 
back  to  us  as  an  echo.  If  we  hear  the 
echo  two  seconds  after  we  shout,  we 
know  that  the  cliff  must  be  1100 
feet  away.  It  takes  the  sound  one 
second  to  travel  to  the  cliff  and  an¬ 
other  second  to  travel  back.  In  nar¬ 
row  valleys  between  two  mountains 
the  sound  waves  may  be  reflected 
many  times.  In  this  way  multiple 
echoes  that  last  for  some  time  are 
produced.  A  well-known  example  of 
multiple  echoes  occurs  during  the 
delightful  trip  down  the  Saguenay 
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River  in  Canada.  At  a  bend  in  the 
river  the  shore  line  rises  in  high 
cliffs.  When  the  ship  reaches  this 
part  of  the  river,  the  captain  has  the 
whistle  blown.  The  cliffs  reflect  the 
sound  and  the  echoes  are  repeated 
'  many  times. 

The  reflection  of  sound  waves  in 
water  is  used  in  deep-sea  sounding 
instruments  (shown  below).  These 
instruments  are  used  to  determine 
the  depth  of  the  ocean.  A  sound  is 
produced  in  the  ship.  This  sound 
travels  downward  from  the  ship  and 
is  reflected  from  the  ocean  floor.  The 
interval  between  the  start  of  the 
sound  and  the  instant  the  reflected 
sound  is  heard  is  recorded.  The  ve¬ 
locity  of  sound  in  sea  water  is  4800 
feet  a  second.  Knowing  the  time  the 
sound  took  to  reach  the  ocean  floor 
and  return,  the  depth  of  the  ocean 
at  that  point  can  be  easily  calcu¬ 
lated.  In  determining  depth  by  this 
method  on  a  ship,  a  clock  measures 
the  lapse  of  seconds  from  the  send¬ 
ing  of  the  sound  until  the  return  of 
its  echo  and  a  hand  points  to  the 
number  of  feet  in  depth.  The  sonic 
altimeter  measures  the  altitude  of 
airplanes  above  the  ground.  Its  use, 
however,  is  limited  to  smaller  air¬ 
planes.  Supersonic  vibrations,  too 
fast  for  our  ears  to  hear,  are  also 
used  to  measure  distances  by  reflec¬ 
tion. 

Sound  in  the  auditorium.  With 
a  small  audience  present  in  a  large 
hall  the  echoes  often  make  it  almost 
impossible  to  understand  the  person 
speaking.  Generally  such  echoes  are 


much  less  noticeable  when  an  audi¬ 
ence  fills  the  hall,  because  sound  is 
not  reflected  as  well  from  the  cloth¬ 
ing  of  the  audience  as  from  the  more 
resonant  material  of  the  empty 
seats.  Curtains  and  draperies  are 
sometimes  hung  in  the  rear  of  an 
auditorium  to  absorb  these  sound 
waves  which  produce  echoes  when 
reflected. 

In  the  Tabernacle  in  Salt  Lake 
City  the  ceiling  is  curved  in  such  a 
way  that  it  reflects  sound  waves 
almost  perfectly  (page  190).  As  a 
result,  a  whisper  by  the  speaker  is 
distinctly  heard  by  everyone  in  the 


The  fathometer  tells  depth  by  the 
time  it  takes  sound  waves  to  travel 


large  audience.  It  is  necessary, 
though,  that  everyone  be  quiet,  for  a 
slight  rustle  in  the  audience  is  mag¬ 
nified  by  reflection  of  the  sound 
waves  until  it  becomes  a  roar.  The 
music  shell  in  which  the  orchestra 
plays  out  of  doors  serves  to  concen¬ 
trate  and  direct  the  sound  waves  in 
a  similar  manner. 

Experiment  74 

Question:  Can  vibrations  cause 

sound? 

Materials :  Tuning  fork;  pith  ball;  a 
bell;  a  small  hammer;  stretched  wire; 
paper  stirrup;  violin  bow;  test  tube. 

Directions:  (a)  Strike  tuning  fork. 
Look  at  the  prongs.  1.  Are  they  vibrat¬ 
ing?  2.  What  must  this  vibration  do  to 
the  air  in  contact  with  the  prongs? 
Touch  the  sounding  tuning  fork  to  a 
suspended  pith  ball.  3.  Explain  what 
happens  to  the  ball.  When  the  fork  has 
almost  ceased  to  sound,  again  touch  it 
to  the  pith  ball.  4.  Explain  the  change 
in  the  behavior  of  the  pith  ball. 

(6)  Strike  the  bell  with  the  hammer. 
Touch  the  sounding  bell  to  the  pith  ball. 


5.  What  happens  to  the  pith  ball? 

(c)  Stretch  a  violin  or  piano  string 
on  a  board  (sonometer).  Bow  the  wire, 
and  notice  the  sound  produced.  Look  at 
the  sounding  wire.  6.  What  does  the 
wire  seem  to  be  doing?  Put  your  finger 
on  the  wire  to  stop  the  sound.  Place  a 
small  paper  stirrup  on  the  middle  of  the 
wire.  Bow  the  wire  again.  7.  What  hap-  j 
pens  to  the  paper  stirrup  and  why? 

(d)  Blow  across  the  end  of  a  test 
tube.  8.  Note  the  sensation  in  the  finger 
held  lightly  near  the  top  of  the  test  tube. 
Why  is  a  sound  produced? 

(e)  Strike  a  tuning  fork  and  hold  it  \ 
near  another  tuning  fork  of  the  same 
pitch.  Place  your  ear  near  the  second 
tuning  fork.  9.  Is  the  second  tuning 
fork  vibrating?  10.  How  did  the  vibra¬ 
tions  travel  from  the  first  to  the  second 
tuning  fork? 

Diagram:  Show  the  tuning  fork  and 
pith  ball  in  action. 

Conclusion:  Answer  the  question. 

Practical  application:  1.  Why  is  a 
violin  made  hollow,  of  thin  wood,  and 
with  openings  to  the  air?  2.  Why  does 
a  large  drum  give  more  sound  than  a 
small  drum? 


Church  of  Latter  Day  Saints 

The  Tabernacle  in  Salt  Lake  City  reflects  sound  so  perfectly  that  a  whisper 
can  be  heard  by  the  audience 
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Harold  M.  Lambert 

The  outdoor  music  shell  concentrates  the  sound  waves 


Experiment  75  (Optional) 

Question:  How  can  I  find  the  velocity 
(speed)  of  sound  in  air? 

Materials:  A  stop  watch;  some 
means  of  making  a  loud  noise;  a  meas¬ 
uring  tape. 

Directions:  {a)  Look  around  your 
city  until  you  find  a  steam  whistle  that 
blows  at  a  time  when  you  are  free. 
Measure  the  distance  in  a  straight  line 
to  a  point  several  thousand  feet  from 
the  whistle.  You  can  step  it  off  after 
measuring  your  step.  The  longer  the 
distance  you  use,  the  better  your  results 
will  be. 

(6)  Stand  at  the  point,  the  distance 
of  which  from  the  whistle  you  know. 
Watch  the  whistle,  and  the  instant  you 
see  the  steam,  showing  that  the  whistle 
has  been  blown,  start  the  stop  watch.  (A 
stop  watch  is  a  watch  so  arranged  that 
pressing  a  knob  starts  the  second  hand. 
A  second  pressure  on  the  knob  stops  the 
hand.  The  hand  usually  measures  fifths 
of  seconds.)  When  you  hear  the  whistle, 
stop  the  watch. 

(c)  You  have  measured  the  distance 
from  the  whistle  to  your  ear.  The  watch 


gives  you  the  time  it  took  the  sound  to 
travel  this  distance.  From  these  figures 
you  can  find  the  velocity  of  sound. 

Conclusion:  1.  State  the  velocity  of 
sound  as  you  found  it.  2.  State  the  ve¬ 
locity  of  sound  given  in  your  textbook. 
3.  Give  a  reason  why  the  two  may  not 
exactly  agree. 

Practical  application:  1.  Why  is  the 
weatherman  interested  in  the  velocity 
of  sound?  2.  How  can  you  use  the  veloc¬ 
ity  of  sound  in  determining  the  distance 
a  thunderstorm  is  from  you? 

Note:  If  you  have  no  stop  watch,  a 
pendulum  will  answer.  Hang  an  iron 
ball  by  a  short  string.  Adjust  the  length 
of  the  string  so  that  the  pendulum  beats 
300  times  a  minute — that  is,  marks 
fifths  of  a  second.  Have  a  comrade  keep 
the  pendulum  vibrating  in  such  a  posi¬ 
tion  that  you  can  see  both  the  whistle 
and  the  pendulum.  Count  the  beats  of 
the  pendulum  between  the  time  you  see 
the  steam  and  hear  the  sound.  Then  pro¬ 
ceed  as  in  (c).  A  rough  estimate  may 
be  made  by  counting  the  seconds.  Prac¬ 
tice  with  a  watch  having  a  second  hand. 
It  is  easier  to  count  two  to  the  second 
than  to  count  one  to  the  second. 
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Chapter  Twenty-five 

What  Makes  Sounds  Differ? 


Sounds  not  all  the  same.  You 

would  never  mistake  the  human 
voice  for  the  big  bass  drum.  When 
you  hear  the  same  note  sounded  on 
a  violin  and  by  a  human  voice,  you 
have  no  doubt  as  to  the  source  of 
each  sound.  A  cornet  note  could 
never  be  mistaken  for  a  piano  note 
of  the  same  pitch  and  loudness.  This 
difference  between  sounds  we  call 
the  quality  or  timbre  of  the  note.  Let 
us  see  what  makes  the  difference 
between  the  bass  drum  and  the 
canary,  a  loud  sound  and  a  soft  one, 
a  high-  and  a  low-pitched  whistle. 

What  is  loudness?  Strike  an  un¬ 
mounted  tuning  fork  gently  and  then 
forcibly.  Listen  to  the  loudness  of 
the  sound.  Again  strike  the  fork  and 
this  time  put  the  end  of  the  fork  on  a 
wooden  table  top.  Notice  that  the 
sound  is  much  louder.  When  the  fork 
is  placed  on  the  wood,  not  only  the 
fork  but  the  wood  vibrates.  The  size 
of  the  vibrating  body  is  increased. 
More  air  is  set  into  wave  motion, 
and,  therefore,  the  sound  is  louder. 
Note,  however,  that  you  give  a  cer¬ 


tain  definite  amount  of  energy  to  the 
fork  when  you  strike  it.  If  the  sound 
from  the  fork  is  made  louder  by 
forcing  the  wood  to  vibrate,  you  use 
up  this  energy  faster,  and  the  sound 
quickly  fades. 

For  the  same  reason  a  drum,  to 
give  a  loud  sound,  should  have  a 
large  head.  It  will  require  more  ef¬ 
fort,  however,  to  beat  the  drum  be¬ 
cause  you  must  give  the  drum  more 
energy  to  make  the  sound  last. 

What  makes  pitch.  One  way 
of  distinguishing  sounds  is  by  their 
pitch — that  is,  whether  they  are  high 
or  low.  A  bass  has  a  low-pitched 
voice  while  a  soprano  has  a  voice  of 
a  high  pitch.  Stretch  a  piano  wire  on 
a  hollow  wooden  box  in  such  a  way 
that  you  can  change  the  tension 
(pull)  on  the  string.  The  wire  should 
be  at  least  30  inches  long.  A  com¬ 
mercial  sonometer  is  convenient. 
Measure  the  length  of  the  string  be¬ 
tween  the  supports.  Draw  a  violin 
bow  over  the  wire  at  a  point  about 
one  fifth  of  the  distance  from  the 
end.  Listen  to  the  sound.  Change  the 
tension  of  the  wire  and  bow  it  again. 
You  will  see  that  the  pitch  of  the 
note  produced  has  altered.  Increas¬ 
ing  the  tension  raises  the  pitch . 

Put  a  second  string  on  the  sono¬ 
meter.  This  second  string  should 

have  the  same  diameter  as  the  first 
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wire  but  be  made  of  different  ma¬ 
terial.  If  the  first  was  a  piano  string, 
use  a  violin  string  for  the  second. 
Bow  both  strings  after  you  have  made 
the  tension  the  same  on  each.  The 
sounds  will  vary  in  pitch.  The  pitch 
of  the  wire  varies  with  the  material. 

Replace  the  second  string  with  a 
wire  made  of  the  same  material  as 
the  first  hut  of  different  diameter. 
Make  the  tension  on  both  wires  the 
same  and  bow  them.  Again  the 
sounds  will  vary  in  pitch.  The  pitch 
of  a  wire  varies  with  its  diameter. 

Using  a  piano  wire,  adjust  the 
tension  until  the  wire  gives  about 
middle  “c”  on  the  piano.  Measure 
the  length  of  the  vibrating  part  of 
the  wire.  Put  a  bridge  under  the  wire 
so  as  to  cut  it  to  half  its  original 
length.  Again  bow  the  wire.  Notice 
that  the  wire  now  gives  the  octave 
above  the  original  sound.  Pitch 
varies  with  the  length  of  the  wire. 
Slide  the  bridge  under  the  wire  and 
bow,  using  different  lengths  of 
wire,  until  you  see  how  the  violinst 
changes  the  pitch  of  the  note  on  his 
violin  by  using  his  fingers  to  change 
the  length  of  the  vibrating  part  of 
the  string.  Can  you  devise  a  simple 
experiment  with  a  rubber  band  that 
would  tell  you  about  pitch? 

Sound  quality.  Why  do  we  not 
mistake  a  police  whistle  for  a  baby’s 
rattle?  By  sound  quality  we  mean 
the  something  about  a  sound  that 
tells  us  its  source.  Its  cause  is  the 
fact  that  a  vibrating  body  can  vibrate 
not  only  as  a  whole,  but  in  parts  as 
well.  Tie  the  end  of  a  long  rubber 


Study  sound  waves  by  means  of  waves 
in  a  string 


tube  to  the  wall.  Holding  the  other 
end  in  your  hand,  pull  the  tube  taut 
and  then  shake  the  end  to  and  fro. 
You  will  find  that  you  can  make  the 
tube  vibrate  in  halves.  By  changing 
the  tension  and  rate  of  shaking  you 
can  make  the  tube  vibrate  in  thirds, 
and  if  you  are  skilful,  even  in  quar¬ 
ters.  The  vibrations  are  easily  seen. 

The  pitch  of  a  note  depends,  as 
we  have  found,  on  the  vibration  rate. 
If  we  have  a  string  vibrating  not  only 
as  a  whole,  but  at  the  same  time  in 
halves,  we  will  get  a  compound  note. 
We  call  the  main  note  the  funda - 
mental  and  the  other  notes  present 
the  overtones.  The  character  of  a 
sound  depends  on  the  number  of 
overtones  present  (diagram  page 
194).  It  is  difficult  to  believe  that  a 
string  can  vibrate  as  a  whole,  and  at 
the  same  time  in  halves,  but  this  is 
a  fact.  If  a  note  sounds  disagreeable 
it  is  because  all  these  overtones  do 
not  harmonize  with  the  fundamental. 
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Production  of  overtones.  The 
string  vibrates  both  as  a  whole 
and  in  halves.  The  halves  give  a 
note  an  octave  higher  in  pitch 


Noise  and  music.  Does  your 
neighbor’s  radio  make  noise  or  mu¬ 
sic?  The  distinction  between  noise 
and  music  depends  first  on  the  ear. 
If  the  sensation  caused  by  the  sound 
is  pleasing,  we  call  it  music.  A  dis¬ 
agreeable  sound,  we  call  noise. 

If  you  sound  four  tuning  forks 
that  vibrate  256,  320,  384,  and  512 
times  a  second,  you  get  a  pleasant 
mingling  of  sounds.  You  have  pro¬ 
duced  simple  music,  and  a  musician 
would  say  that  you  have  sounded  a 
major  chord.  If  you  examine  the 
four  numbers,  you  will  see  that  they 
have  the  ratio  of  4:5:6 :8.  If  you 
choose  four  tuning  forks  that  have 
vibration  ratio  of  10:12:15:20,  you 
again  have  music.  You  have  sounded 
a  minor  chord.  The  vibration  rates 
in  music  form  ratios  of  simple  whole 
numbers. 

In  a  noise  no  such  regular  inter¬ 
vals  between  notes  exist.  Striking 
a  metal  sheet  gives  a  noise;  striking 
a  piano  string  gives  music.  Yet 
if  we  strike  a  number  of  piano 
strings  at  random,  we  also  get  a 
noise,  for  we  have  produced  a  med¬ 
ley  of  vibrations  with  no  regularity. 


Question:  How  can  pitch  be  changed? 
Materials:  Commercial  sonometer  or 
a  homemade  one  as  in  the  figure;  rub¬ 
ber  band;  3  test  tubes. 


Directions:  (u)  Stretch  a  wire  string 
on  a  sonometer.  Pluck  the  string.  Listen 
to  the  sound.  Turn  the  screw  so  as  to 
stretch  the  wire  (increase  the  tension). 
Again  pluck  the  string.  1.  Is  the  sound 
produced  higher  or  lower?  2.  How  does 
the  pitch  vary  with  the  tension? 

(h)  Below  the  middle  of  the  stretched 
string  place  a  bridge  so  as  to  cut  the 
length  of  the  string  to  half  its  original 
length.  Pluck  the  string.  Move  the 
bridge  so  as  to  divide  one  of  the  halves 
again  into  halves,  so  that  the  two  sec¬ 
tions  of  the  string  are  one  fourth  and 
three  fourths  of  the  original  length. 
Pluck  the  string  again.  3.  How  do  the 
sounds  produced  vary?  4.  How  does  the 
pitch  vary  with  the  length? 

(c)  Stretch  a  thicker  string  on  the 
sonometer.  Pluck  the  thick  string  and 
then  the  thin  string.  5.  Is  the  pitch  the 
same  for  both  wires?  6.  How  does  the 
pitch  vary  with  the  thickness  (mass)  ? 

( d )  Stretch  a  rubber  band,  having 
the  same  diameter  as  the  wire,  on  the 
sonometer.  Make  the  tension  on  both 
the  same.  Pluck  the  wire  and  then  the 
rubber  band.  7.  Is  the  pitch  the  same 
for  the  wire  and  the  rubber  band? 
8.  Does  the  material  of  the  vibrating 
string  affect  the  pitch? 

(e)  Place  3  test  tubes  in  rack.  Pour  2 
inches  of  water  in  first,  1  inch  in  sec¬ 
ond,  and  none  in  third.  Blow  across 
each.  9.  The  water  merely  reduces  the 
height  of  the  air  column.  How  does  the 
height  of  the  vibrating  air  column  affect 
the  pitch? 

Diagram:  Show  the  sonometer  you 
used,  and  the  test  tubes  in  the  rack. 

Conclusion:  Answer  the  question. 

Practical  application:  These  facts  are 
made  use  of  in  stringed  and  wind  in¬ 
struments. 


Chapter  Twenty-six 

How  We  Hear  and  Speak 


Receiving  sound  waves.  Put  a 
megaphone  to  your  ear  or  cup  your 
hand  beside  your  ear  and  notice  how 
much  louder  sounds  are.  The  ex¬ 
ternal  ear  collects  the  sound  waves 
in  the  same  manner  and  directs  them 
into  a  small  curved  tube  that  leads 
inward.  At  the  end  of  this  tube  is  a 
membrane  called  the  tympanic 
membrane  or  popularly  but  less 
correctly  the  eardrum.  This  mem¬ 
brane  separates  the  external  ear 
from  a  small  pocket  cavity  called 
the  middle  ear.  In  the  middle  ear  are 
three  curiously  shaped  and  very  tiny 
bones.  They  are  fastened  to  the 
membrane  and  also  to  one  another 


in  a  kind  of  chain.  The  inmost  bone 
of  the  chain  fits  into  a  little  window 
or  opening  covered  with  another 
membrane  that  leads  to  the  inner 
ear.  The  inner  ear  is  shaped  like  the 
coils  of  a  snail  shell.  It  is  filled  with 
a  liquid.  In  one  part  of  the  coil  are 
three  thousand  or  more  tiny  fila¬ 
ments  (threads)  which  unite  to  form 
the  auditory  nerve.  This  nerve  leads 
to  the  brain. 

What  happens  to  all  of  this  com¬ 
plicated  machine  when  we  hear?  The 
air  vibrates,  the  sound  waves  travel 
in  through  the  curved  canal  and  set 
the  tympanic  membrane  vibrating. 
It  in  turn  sets  in  motion  the  three 


The  parts  of  the  human  ear 


Semicircular  canals 


Auditory  nerve 
Eardrum 


Eustachian 

tube 


Philip  Gendreau 


Members  of  a  gun  crew  hold  their 
ears  as  the  gun  is  fired 

little  bones.  Their  motion  sets  up  a 
motion  in  the  thin  membrane  be¬ 
tween  the  middle  and  the  inner  ear. 
The  motion  of  the  membrane  causes 
the  liquid  in  the  inner  ear  to  vibrate. 
That  motion  affects  the  little  nerve 
fibers.  Their  activity  sends  an  im¬ 
pulse  or  message  to  the  brain,  and 
finally  we  hear.  Sound  is  the  sensa¬ 
tion  that  arises  when  the  impulses 
reach  the  brain. 

When  you  went  down  in  an  ele¬ 
vator  to  the  bottom  of  the  shaft,  did 
you  ever  feel  pressure  on  the  ear¬ 
drums?  Perhaps  you  noticed  the 
effect  in  driving  downhill.  You 
swallowed  and  the  ears  felt  com¬ 
fortable  again.  Your  ear  was  un¬ 
comfortable  because  the  pressures 
inside  and  outside  the  eardrum  were 
unequal.  The  swallowing  allowed 
the  air  pressure  inside  the  middle 
ear  and  outside  to  equalize.  The 


Eustachian  tube  connects  the  mid¬ 
dle  ear  with  the  throat.  It  is  ordi¬ 
narily  closed,  shutting  off  the  middle 
ear.  When  you  swallow,  it  opens  for 
a  moment  and  the  external  air  pres¬ 
sure  balances  the  pressure  in  the 
middle  ear. 

Taking  care  of  the  ears.  The 
tympanic  membrane  is  thin  and 
easily  broken.  A  blow  on  the  side  of 
the  head  may  cause  enough  air  pres¬ 
sure  on  the  membrane  to  break  it. 
Even  a  loud  shout  directly  into  the 
ear  may  do  the  same.  The  gunners 
of  the  coast  artillery  and  on  battle¬ 
ships  are  often  deaf  for  hours  or 
permanently  deaf  after  firing  prac¬ 
tice.  To  avoid  this,  an  increased  air 
pressure  is  now  maintained  in  the 
ship’s  turrets,  thus  preventing  the 
trouble.  Stuffing  the  ears  with  cot¬ 
ton  and  standing  on  tiptoe  helps 
to  reduce  the  blow  of  the  sound 
wave. 

For  most  persons  the  best  way  to 
take  care  of  the  ears  is  to  let  them 
alone.  An  old  saying  is  that  nothing 
smaller  than  your  elbow  should  ever 
be  put  into  your  ear.  The  tympanic 
membrane  is  located  so  near  the  sur¬ 
face  of  the  head  that  poking  hard 
objects  into  the  ear  is  likely  to  rup¬ 
ture  it.  Washing,  or  the  use  of  a  soft 
cloth  to  remove  the  waxlike  sub¬ 
stance  (earwax)  that  accumulates  at 
the  outer  end  of  the  tube,  is  all  that 
is  permissible. 

Should  an  insect  fly  into  the  ear,  a 
small  amount  of  lukewarm  olive  oil 
dropped  into  the  ear  will  float  the 
insect  to  the  top  of  the  tube,  when  it 
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can  be  removed  with  absorbent  cot¬ 
ton  without  injury  to  the  ear.  The  cot¬ 
ton  also  serves  to  remove  the  oil,  or 
a  medicine  dropper  may  be  used  to 
remove  it.  In  the  case  of  an  earache, 
the  application  of  mild,  dry,  heat  (a 
hot  cloth  or  a  hot-water  bag)  will 
sometimes  afford  relief.  Colds, 
catarrh,  and  scarlet  fever  often  cause 
an  inflammation  (infection)  of  the 
Eustachian  tube,  causing  it  to  close. 
If  this  condition  lasts,  it  may  cause 
deafness.  If  you  have  any  trouble 
with  your  ear,  go  to  a  physician  at 
once.  Delay  may  cost  you  your  hear¬ 
ing. 

The  voice.  At  the  upper  end  of 
the  windpipe  or  trachea  is  the  organ 
of  voice,  called  the  larynx ,  or  voice 
box .  Its  walls  are  made  of  cartilage 
and  muscle.  Across  the  top  of  the 
larynx  are  stretched  two  thin  strips 
of  membrane  called  vocal  cords ,  with 
a  small  space  between  them.  It  is 
possible,  with  the  aid  of  the  throat 
muscles,  to  stretch  vocal  cords.  Air 
from  the  lungs  passing  over  the 
cords  sets  their  edges  into  vibration, 
and  sound  is  produced.  Vocal  cords 
are  usually  shorter  and  lighter  in 
women  than  in  men ;  hence,  women’s 
voices  are  usually  higher  and  shril¬ 
ler  than  those  of  men. 

We  vary  the  pitch  of  the  sounds 
we  produce  by  varying  the  tension 
(pull)  on  the  cords.  When  we  have 
a  cold,  the  cords  become  thickened 
and  mucous  is  deposited  on  them. 
The  air  passing  over  these  rough¬ 
ened  cords  produces  the  odd  sounds 
characteristic  of  a  cold. 


At  the  time  when  a  boy’s  voice 
changes,  his  larynx  grows  much 
larger,  and  the  vocal  cords  lengthen 
and  thicken.  Look  at  your  piano 
and  you  will  see  that  the  bass  notes 
are  made  by  the  long,  heavy  wires. 
Lengthening  and  thickening  the 
vocal  cords  lowers  the  pitch  of  the 
voice.  The  bass  voice  is  produced 
by  longer  and  thicker  cords  than  the 
soprano. 

Care  of  the  voice.  A  cheap  vio¬ 
lin  gives  a  harsh,  crude  sound,  while 
a  valuable  instrument  gives  a 
smooth,  mellow  tone.  The  differ¬ 
ences  are  due  to  very  small  varia¬ 
tions  in  the  shape  of  the  sound  box 
and  elasticity  of  the  wood  used,  and 
other  things  hard  to  recognize.  Just 
as  the  tone  of  the  violin  is  modified 
by  the  sound  box,  so  the  voice  is 
modified  by  the  mouth,  nasal  cavity, 
teeth,  and  tongue;  and  just  as  a  very 
small  difference  between  two  violins 
causes  a  tremendous  variation  in 
their  tones,  so  small  differences  in 
our  bodies  cause  great  differences 
in  our  voice  quality.  Violinists  tell 
us  that  playing  a  violin  improves 
it  and  that  part  of  the  superb  quality 
of  sound  given  by  old  violins  is 
due  to  the  fact  that  they  have 
been  played  for  years  by  great 
masters.  So,  intelligent  practice  with 
our  voices  can  improve  them.  We 
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cannot  all  become  Carusos,  but  we 
can  all  learn  to  avoid  the  harsh,  stri¬ 
dent  voice  that  is  a  handicap 
throughout  life. 

When  your  voice  is  changing,  or 
when  you  have  a  severe  cold,  you 
should  not  sing  or  strain  your  voice. 
Prolonged  and  intense  cheering  at 
the  football  game  may  help  you  to 
express  your  joy  at  the  success  of 
your  team,  but  it  may  also  injure 
your  voice.  Cheer  with  some  re¬ 
straint.  You  will  be  able  to  cheer 
longer  and  will  not  run  the  risk  of 
voice  injury. 

Why  the  phonograph  talks. 
Mount  a  short  needle  on  a  thin  sheet 
of  mica  in  such  a  way  that  you  can 
speak  against  the  mica  and  set  it 
into  vibration.  While  the  disk  is  vi¬ 
brating,  place  under  the  needle 
point  a  wax  plate  so  mounted  that  it 
can  be  driven  along  under  the  needle 
point  and  in  contact  with  it.  When 
you  speak  close  to  the  disk,  causing 
it  to  vibrate,  and  at  the  same  time 
drive  the  wax  plate  under  the  needle 
point,  the  needle  point  will  be  set 
into  motion  and  will  cut  a  groove  in 
the  wax.  Examine  the  groove  under 
the  magnifying  glass  and  you  will 
see  that  the  groove  is  not  uniform, 
but  is  made  up  of  hills  and  valleys 


Making  a  simple  pho¬ 
nograph  record :  A, 
diaphragm;  B,  nee¬ 
dle;  C,  wax;  D,  glass 


caused  by  the  to-and-fro  motion  of 
the  needle  point  as  it  passes  over 
the  wax. 

Now  place  the  wax  plate  under 
the  needle  point  again,  keeping  the 
needle  point  in  the  groove.  The  hills 
and  valleys  of  the  groove  will  move 
the  needle  up  and  down  and  thus  set 
the  mica  disk  in  vibration.  These  vi¬ 
brations  will  reproduce  the  original 
vibrations  of  the  disk  caused  when 
you  spoke  against  it.  The  vibrations 
then  must  reproduce  the  original 
sound.  You  will  have  made  a  crude 
phonograph  record. 

Wax  plates  may  be  bought  on 
which  you  can  make  a  record  of 
your  own  voice  that  can  be  repro¬ 
duced  on  your  phonograph.  Such 
reproducing  machines  are  often 
used  by  businessmen  for  dictating 
letters.  Later  a  stenographer  plays 
the  record  and  on  her  typewriter 
writes  the  letter  thus  dictated. 

Commercial  phonograph  records 
are  not  made  of  wax  because  wax  is 
so  soft  that  the  record  quickly  wears 
out.  Instead,  a  composition  that  is 
hard  and  tough  is  used.  A  master 
record  is  made  first.  From  this  a 
metal  mold  is  prepared,  and  this 
metal  mold  is  used  to  press  out  the 
phonograph  records  we  buy.  In  this 
way  thousands  of  records  can  be 
made  from  one  master  record. 

Records  may  also  be  made  by 
magnetizing  thin  steel  wires.  When 
these  magnetized  records  are  drawn 
through  coils  of  wire,  they  set  up 
electric  currents  which  are  used  to 
reproduce  the  sound. 
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Grooves  in  a  phonograph  record  cause 
the  needle  to  vibrate,  thus  moving  the 
diaphragm 

Experiment  77  (Optional) 

Question:  How  can  one  imitate  the 
vocal  cords?  Stretch  two  pieces  of  rub¬ 
ber  dam  across  the  bowl  of  a  thistle 
tube,  leaving  a  slit  between  the  two 
pieces.  Blow  through  the  tube.  Watch 

Questions  to 

1.  If  we  could  make  a  loud  enough 
sound,  could  we  send  a  sound  signal  to 
the  moon?  Explain. 

2.  Devise  an  experiment  to  show 
that  water  will  carry  sound. 

3.  Is  shouting  more  easily  heard  in 
the  woods  or  in  the  open?  Why? 

4.  Is  a  speaker  on  the  platform 
more  easily  heard  indoors  or  outdoors? 
Why? 

5.  Is  sound  more  easily  heard  in 
fog  or  clear  weather?  Try  to  find  out 
by  experiment. 

6.  Explain  the  sound  of  the  sea 
when  you  hold  a  sea  shell  to  your  ear. 

7.  Is  the  hum  of  a  bee  higher  or 
lower  than  the  hum  of  a  bird’s  wings? 
Why? 

8.  What  travels  through  the  string 
in  the  tin-can  telephone?  Experiment 
78,  above.  What  travels  through  the 
wire  in  a  real  telephone? 

9.  If  you  listened  at  one  end  of  a 
long  hose  while  a  person  spoke  in  the 
other  end,  would  you  hear  more  or  less 
distinctly  than  through  the  open  air? 


what  the  rubber  pieces  do.  Place  the  fin¬ 
ger  on  the  larynx,  or  Adam’s  apple, 
while  you  talk.  Note  the  similarity. 

Experiment  78  (Optional) 

Question:  How  would  you  make  a 
tin-can  telephone?  Punch  a  hole  in  the 
bottom  of  each  of  two  tin  cans.  Thread 
each  end  of  a  long,  stout  string  through 
a  hole  and  knot  the  string  so  that  it  will 
not  pull  out.  Stretch  the  string  taut.  Use 
as  a  telephone.  What  carries  the  vibra¬ 
tions  of  the  voice? 

Rub  a  part  of  the  string  with  rosin. 
While  one  tin  can  is  held  to  the  ear, 
have  someone  rub  the  rosined  part  of 
the  string.  Account  for  the  noises.  Com¬ 
pare  the  noise  when  the  can  is  held 
against  the  bones  about  the  ear  and 
when  it  is  held  off  a  little  distance.  Ac¬ 
count  for  the  difference. 

Think  Out 

Reason  it  out,  then  try  it. 

10.  In  a  long  column  of  marching 
men,  the  men  in  the  rear  are  sometimes 
out  of  step  with  men  in  the  front  but  in 
step  with  the  band  at  the  front.  Explain. 

11.  Why  is  the  sound  deadened 
when  you  touch  a  bell? 

12.  Grasp  your  “Adam’s  apple” 
lightly  and  sing,  “Ah,  ah,  ah,  ah,”  up 
the  scale.  Tell  what  you  discover  and 
explain.  Try  whistling  up  the  scale. 
What  produces  change  in  pitch? 

13.  Pronounce  the  vowels  a-e-i-o-u 
without  change  in  pitch.  What  produces 
the  change  in  sound? 

14.  When  a  circular  saw  cuts  through 
a  heavy  timber,  does  its  pitch  rise  or 
fall?  Why? 

15.  How  does  the  hum  of  a  streetcar 
or  a  vacuum  sweeper  change  in  pitch  as 
it  slows  down? 

16.  In  the  figure  on  page  189,  if  it 
took  one  half  second  for  the  sound  to 
travel  from  the  oscillator  to  the  hydro¬ 
phone  as  indicated,  how  deep  is  the 
water? 


Chapter  Twenty-seven 

The  Orchestra 


Musical  instruments.  You  can 
scarcely  believe  when  listening  to  a 
jazz  orchestra  that  the  players  are 
using  only  three  methods  of  produc¬ 
ing  the  many  sounds.  Yet  music  is 
produced  only  by  the  use  of  mech¬ 
anisms  of  three  simple  types.  These 
types  are  represented  by  vibrating 
strings  set  in  motion  by  bowing  or 
plucking;  vibrating  air  columns  set 
in  motion  by  air  currents;  and 
vibrating  solids  set  in  motion  by 
blows. 

In  instruments  of  the  first  type, 
tightly  drawn  strings  are  set  in  vi¬ 
bration  by  being  struck  as  in  the 
piano,  plucked  as  in  the  banjo,  or 
rubbed  as  in  the  violin.  Stretch  a 
rubber  band  between  your  thumb 
and  first  finger.  Pluck  it  with  the 
thumb  nail  of  your  other  hand.  The 
rubber  will  vibrate  and  give  out  a 
tone.  By  stretching  the  rubber 
tighter,  you  can  produce  a  tone  of 
higher  pitch.  A  thin  band  will  give 
a  higher  tone  than  a  thick  one  at  the 
same  tension. 

In  instruments  of  the  second  type 
a  column  of  air  is  set  to  vibrating  in 
various  ways.  In  the  organ,  a  cur¬ 
rent  of  air  is  blown  upon  a  thin  edge, 
the  lip,  at  one  end  of  the  column  of 
air,  and  the  column  is  thus  made  to 
vibrate.  In  the  reed  instruments,  as 
the  clarinet,  an  air  current  is  blown 
upon  a  thin  piece  of  wood  or  metal, 


the  reed,  in  the  mouthpiece;  the  reed 
vibrates  and  communicates  its  vi¬ 
bration  to  the  air  column.  In  the  cor¬ 
net  the  method  is  similar,  except 
that  the  lips  of  the  player  vibrate  in 
place  of  the  reed,  and  set  the  column 
to  vibrating. 

Blow  across  the  end  of  a  test  tube. 
The  air  inside  the  tube  is  set  in  vi¬ 
bration  and  produces  a  tone.  A  long 
tube  produces  a  deeper  tone  than  a 
short  one ;  hence  to  produce  notes  of 
different  pitch,  organ  pipes  of  dif¬ 
ferent  lengths  are  used.  Pull  the  out¬ 
side  off  a  mouth  organ  (harmonica) . 
Put  your  finger  lightly  on  one  of  the 
metal  reeds  and  then  blow  through 
the  instrument.  You  will  feel  the 
reed  tremble,  or  vibrate.  An  ex¬ 
amination  of  the  different  reeds  will 
show  you  how  they  are  altered  to 
produce  different  tones. 

In  instruments  of  the  third  type, 
either  a  solid  or  hollow  body  is  set 
in  vibration  by  being  struck,  as  in 
the  drum  or  cymbal.  Strike  two  tin 
pie  plates  together,  and  you  will 
have  crude  cymbals. 

Vibration  instruments  are  called 
stringed  instruments ,  wind  instru¬ 
ments ,  or  percussion  instruments , 
depending  on  the  method  used  to 
produce  the  sound.  In  the  following 
paragraphs  we  will  consider  some 
of  those  that  are  used  in  modern 
orchestras. 
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Stringed  instruments.  These 
are  the  violin,  the  viola,  the  violon¬ 
cello  (or  cello)  the  double  bass  (or 
contrabass),  the  piano,  and  the  harp. 
You  are  of  course  familiar  with  the 
violin.  It  is  a  hollow  sounding  box 
with  four  strings,  the  tension  of 
which  can  be  adjusted  by  turning 
pegs.  It  would  naturally  be  impos¬ 
sible  to  use  a  separate  string  for 
every  note,  so  their  length  is  changed 
by  sliding  the  fingers  up  and  down, 
thus  varying  the  pitch.  The  strings 
of  the  violin  are  set  in  vibration  by 
the  hair  of  the  bow  passing  over 
them.  The  bow  is  rosined  to  make  it 
catch  the  violin  string  and  draw  it 
slightly  to  one  side.  The  string  then 
slips  back,  causing  it  to  vibrate. 

The  viola  is  the  violin’s  big  sister. 
It  is  shaped  like  the  violin  and  has  a 


similar  arrangement  of  strings.  The 
string  of  highest  pitch  on  the  violin 
is  taken  off,  and  a  lower  one  added. 
Because  it  is  larger,  it  gives  a  lower 
pitched  tone.  Its  quality  of  tone  is 
melancholy  and  somber.  Of  the  two 
the  viola  is  the  older  instrument,  go¬ 
ing  back  in  its  present  form  to  the 
fifteenth  century. 

The  cello  is  much  larger  than  the 
viola,  but  has  the  same  construction 
and  method  of  playing.  It  is  just  an 
octave  lower  in  pitch  than  the  viola. 
The  double  bass  is  the  grandfather 
of  the  family.  It  can  be  easily  recog¬ 
nized  by  its  huge  size  and  deep  bass 
notes.  It  is  taller  than  its  player,  who 
is  obliged  to  stand  when  he  plays  it. 

The  harp  differs  from  all  the 
above  in  that  there  is  a  string  for 
every  note  that  is  to  be  sounded.  The 


Representative  musical  instruments  of  a  modern  orchestra:  1—4,  stringed 
instruments  played  with  a  bow  (1,  violin;  2,  viola;  3,  violoncello;  4,  contra¬ 
bass)  ;  5,  harp;  6—12,  wood-wind  instruments  (6,  flute;  7,  piccolo;  8,  English 
horn;  9,  bassoon;  10,  oboe;  11,  clarinet;  12,  bass  clarinet)  ;  13—17,  brass-wind 
instruments  (13,  cornet;  14,  trumpet;  15,  trombone;  16,  French  horn;  17, 
bass  tuba)  ;  18,  saxaphone;  19—22,  percussion  instruments  (19,  kettledrum, 
20,  bass  drum;  21,  cymbals;  22,  snare  drum). 
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strings  are  plucked  by  the  fingers  of 
the  player,  and  the  tones  produced 
are  sweet  and  mellow. 

The  piano  has  at  least  one  string 
for  every  note.  These  strings  are 
struck  by  felt-covered  hammers, 
moved  by  striking  upon  the  piano 
keys.  The  piano  is  tuned  by  varying 
the  tension  on  the  strings.  Open  your 
piano  and  you  will  see  pegs  which 
can  be  turned  to  change  the  pull  on 
the  strings  and  hence  the  pitch. 

Wind  instruments.  These  are 
divided  into  two  sections:  wood 
winds  and  brasses.  In  the  wood 
winds  the  flute  and  piccolo  are  tubes 
having  a  row  of  openings.  By  cov¬ 
ering  and  uncovering  these  openings 
with  the  fingers,  the  length  of  the  vi¬ 
brating  air  column  can  be  changed, 
thus  changing  the  pitch  of  the  tone 
produced.  The  air  column  inside 
the  tube  is  set  into  vibration  by  blow¬ 
ing  across  a  hole  near  one  end  of  the 
tube. 

The  flute  is  one  of  the  oldest  of 
musical  instruments,  going  back  in 
its  original  form  to  about  3000  B.C. 
In  its  middle  register  the  tones  are 
mellow,  but  its  low  notes  are  dull 
and  its  high  notes  shrill.  The  pic¬ 
colo  resembles  a  small  flute.  Be¬ 
cause  it  is  smaller,  its  tones  are  an 
octave  higher  than  those  of  the  flute. 
It  is  used  mainly  for  special  effects 
in  its  upper  register,  as  its  low  notes 
have  no  character. 

The  other  wood  winds,  the  oboe, 
English  horn,  clarinet,  and  bassoon, 
contain  thin  pieces  (reeds)  mounted 
in  the  mouthpiece.  These  reeds  are 


set  into  vibration  when  the  player 
blows  air  against  them  and  com¬ 
municate  their  vibration  to  the  air 
column  in  the  main  tube  of  the  in¬ 
strument.  The  length  of  the  vibrating 
air  column  is  changed  by  opening 
and  closing  the  stops. 

The  English  horn,  which  is  neither 
English  nor  a  horn,  is  a  large,  or 
alto,  oboe.  Because  of  its  larger  size, 
it  gives  a  deeper  tone.  The  tone  of 
both  the  oboe  and  the  English  horn 
resembles  that  of  the  old  shepherd’s 
pipe.  They  are  both  difficult  to  play. 

The  clarinet  differs  from  the  other 
wood  winds  in  that  it  has  only  one 
reed,  while  the  other  have  two.  It 
gives  a  better  graduation  of  tone  than 
the  other  wood  winds,  has  the  widest 
range  of  all  wood  winds,  and  is, 
therefore,  the  most  expressive  and 
useful.  In  the  middle  register  its 
tones  resemble  those  of  the  human 
voice.  The  bassoon  and  contrabas- 
soon  are  the  bass  instruments  in  this 
section. 

The  brasses,  as  the  trumpet, 
French  horn,  and  trombone,  con¬ 
tain  no  reeds.  The  air  column  is  set 
into  vibration  by  the  vibrating  lips 
of  the  player  held  against  a  cup¬ 
shaped  mouthpiece.  Note  the  sliding 
tube  in  the  trombone  in  the  picture 
of  instruments.  Moving  this  back  and 
forth  changes  the  length  of  the  vi¬ 
brating  air  column,  and  so  alters  the 
pitch  of  the  tone  produced.  In  the 
trumpet,  French  horn,  and  tuba,  keys 
are  used  to  open  holes  in  the  pipe, 
thus  changing  the  length  of  the  vi¬ 
brating  air  column. 
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The  cornet  and  the  trombone  are 
perhaps  the  best  known  of  the 
brasses.  The  trumpet  is  an  enlarged 
cornet  with  a  brilliant  and  clear 
tone.  The  French  horn  has  been  de¬ 
veloped  from  the  old  huntsman’s 
horn.  Its  tone  is  smooth  and  velvety. 
The  tuba  is  the  brass  bass.  Its  tone  is 
harsh  and  gruff.  The  saxophone  you 
are  all  familiar  with.  It  is  ranked 
with  the  brasses,  but  its  mouthpiece 
contains  a  reed.  The  tone  of  the  saxo¬ 
phone  is,  therefore,  a  combination  of 
the  wood  and  the  brass  tones  of  the 
horn  and  the  clarinet.  It  is  popular 
in  jazz  orchestras  yet  Mendelssohn 


thought  its  tone  “too  mournful”  to 
use  in  his  sacred  music. 

Percussion  instruments.  The 
drum,  xylophone,  tambourine,  and 
the  cymbals  and  castanets  are 
percussion  instruments.  Some  per¬ 
cussion  instruments,  such  as  the 
kettledrums  or  tympani,  have  a  defi¬ 
nite  pitch.  Drums  are  tuned  by 
changing  the  tension  of  the  head. 
The  less  the  tension  and  the  larger 
the  head,  the  lower  the  pitch. 

The  following  chart  contains  a 
summary  of  some  of  the  most 
commonly  used  musical  instru¬ 
ments. 


Stringed 

Wind 

Percussion 

Reed 

Violin 

Organ 

Kettledrum 

Saxophone 

Viola 

Trombone 

Bass  drum 

Harmonica 

Cello 

Piccolo 

Castanets 

Oboe 

Ukulele 

Flute 

Bells 

Clarinet 

Piano 

Bugle 

Xylophone 

Bass  clarinet 

Mandolin 

Cornet 

Triangle 

Bassoon 

Harp 

Trumpet 

Tambourine 

Contrabassoon 

Guitar 

Tuba 

Cymbals 

English  horn 

Experiment  79  (Home) 

Question:  How  can  I  make  some  musi¬ 
cal  instruments? 

Materials:  A  board  and  9  straight 
pins;  drinking  glasses;  water. 

Directions :  {a)  Drive  8  pins  into  the 
board,  giving  them  graduated  lengths. 
With  the  other  pin,  pick  at  each  pin  and 
produce  a  tone.  Play  a  simple  tune. 
1.  What  is  vibrating?  2.  Which  pin  pro¬ 
duces  the  lowest  tone?  3.  Which  pin 
produces  the  highest  tone? 

(6)  Set  up  a  row  of  drinking  glasses 
and  pour  different  quantities  of  water 
into  different  glasses.  Tap  each  with  a 
pencil.  Note  the  difference  in  tone.  Try 
to  graduate  the  quantity  of  water  and 


arrange  the  glasses  to  produce  the  musi¬ 
cal  scale.  Try  to  play  a  simple  tune. 
4.  What  is  vibrating?  5.  Which  glass 
produces  the  highest  and  which  the  low¬ 
est  note? 

Diagram:  Show  pin  piano. 

Conclusion:  1.  The  longer  the  pin  or 

the  column  of  air,  the . 

the  note.  The  shorter  the  pin  or  the  col¬ 
umn  of  air,  the . the 

note.  2.  How  does  this  apply  to  stringed 
instruments? 

Practical  application:  1.  How  many 
strings  are  there  on  a  piano?  2.  How 
many  strings  are  there  on  a  violin?  3. 
How  can  the  violin  be  made  to  produce 
so  many  different  notes? 
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1.  Which  gives  more  trouble  with 
echoes,  a  large  hall  or  a  small  room? 
Why? 

2.  Why  are  echoes  often  louder  at 
evening  than  at  noon? 

3.  Does  an  automobile  horn  sound  the 
same  when  it  approaches  you  as  when 
it  has  passed  you  and  is  receding?  Why? 

4.  (a)  Does  a  church  bell  sound 
equally  loud  at  100  feet  and  at  a  mile? 
Does  it  have  the  same  pitch?  ( b )  Do 
sounds  of  different  pitch  travel  at  dif¬ 
ferent  rates?  Mention  an  observation  in 
support  of  your  answer. 

5.  Tell  everything  that  happens  in  a 
conversation  between  the  speaking  of 
the  word  and  the  understanding  by  the 
listener.  For  what  happens  in  the  ear, 
see  pages  195  and  196. 


6.  Why  does  your  voice  sometimes 
have  a  lower  pitch  when  you  have  a 
cold? 

7.  If  you  speak  in  the  same  pitch, 
why  does  your  voice  change  when  you 
hold  your  nose? 

8.  Look  at  the  picture  on  page  201. 
Which  instrument  has  a  mechanism 
most  resembling  the  vocal  cords?  the 
piano?  Which  strings  of  the  piano  vi¬ 
brate  most  rapidly?  How  does  the  piano 
tuner  raise  the  pitch  of  a  string?  Does 
the  trombone  give  a  higher  or  lower 
note  when  the  slide  is  drawn  out?  When 
the  drum  head  is  tightened,  does  the 
drum  give  a  higher  or  lower  note? 
Why  is  this  so?  Why  is  the  French 
horn  made  so  long  that  it  is  wound  in 
a  circle? 


Unit  Seven 

Light 

In  this  unit  we  study  what  light  is  and  how 
it  is  put  to  service .  We  see  how  science  provides 
light  when  nature  denies  it.  We  study  the  in - 
struments  that  control  the  beams  of  light  to 
show  what  the  eye  alone  could  never  see.  The 
marvelous  increase  in  the  length  of  human  life 
is  due  largely  to  discoveries  made  ivith  the 
microscope.  Industry  and  agriculture  also  have 
advanced  through  microscopic  studies.  The 
telescope  and  the  spectroscope  have  brought  us 
information  of  worlds  at  distances  too  vast  for 
our  minds  to  grasp ,  worlds  beyond  the  reach  of 
exploration  except  by  means  of  the  rays  of 
light  that  come  to  us  from  them.  The  astronomer 
searches  photographic  plates  for  news  of  heav¬ 
enly  happenings  that  the  eye  is  not  delicate 
enough  to  see.  Medicine,  industry,  and  scien¬ 
tific  research  make  constant  use  of  photogra¬ 
phy.  “The  movies”  reveal  their  discoveries  to 
us.  The  human  eye  is  an  optical  instrument 
developed  by  nature,  using  the  same  principles 
later  employed  by  man  in  his  manufacture  of 
optical  instruments.  All  these  we  shall  study. 
Finally  we  shall  study  color,  one  of  the  strik¬ 
ing  properties  of  light.  Nature  uses  color  to 
maintain  life;  science  uses  it  to  maintain  and 
to  restore  health;  art  uses  it  for  beauty.  What 
is  color? 

(1)  R.C.A.,  (2)  American  Dental  Association,  (3)  The  von 
Trotts  (b)  Ewing  Galloxuay,  N.Y.,  (5)  Black  Star 


Chapter  Twenty-eight 

How  Light  Behaves 


How  light  travels.  Light  travels 
fast,  186,000  miles  a  second.  It  trav¬ 
els  from  the  sun,  93,000,000  miles 
away,  in  8  minutes.  Light  travels  in 
straight  lines.  Therefore,  you  cannot 
see  around  a  corner,  since  you  can 
see  an  object  only  when  light  rays 
come  from  it  to  your  eye.  Because 
light  travels  straight,  you  can  tell 
where  to  put  your  hands  to  catch  a 
ball  or  to  lift  the  baby.  Experiment 
80  shows  definitely  that  light  travels 
in  straight  lines. 

Light  cannot  travel  through  a 
board  or  a  stone,  and,  therefore,  you 
cannot  see  through  them.  Such  ob¬ 
jects  are  said  to  be  opaque .  Light 
does  travel  through  glass  or  pure 
water,  and,  therefore,  you  can  see 
through  them.  Such  objects  are 
transparent.  If  you  look  at  the  glass 


edgewise  or  look  into  deep  water, 
you  cannot  see  through.  They  are 
not  perfectly  transparent.  Ground 
glass  and  wax  paper  let  light 
through,  but  you  cannot  see  through 
them.  Such  objects  are  translucent. 
If  you  cut  slices  of  wood  thin 
enough,  a  yellowish  light  comes 
through.  If  you  beat  sheets  of  gold 
out  thin  enough,  a  greenish  light 
comes  through.  They  are  then  trans¬ 
lucent. 

Shadows.  Any  opaque  object  in 
the  path  of  rays  of  light  will  stop 
them,  and  the  space  behind  the 
opaque  body  will  be  in  shadow.  If 
the  rays  of  light  come  from  a  point, 
an  opaque  object  will  cause  a 
shadow  with  sharp  edges  as  shown 
in  the  diagram.  If,  however,  the 
source  of  light  is  a  broad  flame,  or 
the  broad  disk  of  the  sun,  the  darkest 
part  of  the  shadow,  called  the  um¬ 
bra,  will  be  edged  by  a  lighter  band, 
which  shades  off  gradually  to  the 
full  illumination  where  there  is  no 
shadow  at  all.  This  band  or  edge  is 
called  the  penumbra;  it  arises  be¬ 
cause  points  near  the  edge  of  the 
shadow  get  light  from  a  part  of  the 
source  of  light,  but  not  from  all.  The 
farther  the  shadow  from  the  object, 
the  wider  the  penumbra,  and  the 
more  gradual  the  shading  off  from 
the  umbra  to  full  illumination.  You 
have  all  seen  the  shadow  of  a  flag- 
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The  Franklin  Institute,  Phila. 

This  series  of  pictures  of  the  eclipse  of  the  moon.  It  occurs  when  the  shadow 
of  the  Earth  falls  on 


moon 


pole  on  the  ground,  with  edges 
sharply  defined  near  the  base  and 
more  and  more  indistinct  the  greater 
the  distance  from  the  pole. 

When  the  moon  comes  between 
the  sun  and  the  part  of  the  earth  on 
which  we  happen  to  be,  we  say  there 
is  an  eclipse  of  the  sun.  A  part,  or 
sometimes  all,  of  the  sun’s  disk  is 
concealed  from  us.  People  on  the 
moon  would  say  that  their  shadow 
was  falling  on  the  earth  (page  513) . 

The  light  we  see  by.  The  traffic 
policeman’s  white  cape  at  night 
shines  out  at  the  crossing,  but  you  do 
not  see  the  man  in  the  dark  suit  walk¬ 
ing  across  the  street.  The  white 
markings  at  dangerous  curves  show 
plainly,  but  you  do  not  easily  see  the 
trees.  In  a  dark  room  you  see  noth¬ 
ing.  When  you  turn  a  flashlight 
about,  certain  objects  shine  out  by 
reflected  light  and  others  are  dull  be¬ 
cause  they  reflect  little  light.  You  see 


an  object  by  the  light  that  reaches 
your  eyes  from  the  object.  Some  ob¬ 
jects  give  out  their  own  light  (Zm- 
minous  bodies ),  but  we  see  the 
majority  of  objects  only  by  reflected 
light. 

Such  an  object  is  the  moon,  which 
we  see  as  we  see  most  objects  on 
earth  during  the  day,  by  the  light 
which  falls  upon  it  from  the  sun  and 
is  reflected  back  to  us.  But  if  the 
earth  comes  between  the  sun  and  the 
moon,  its  shadow  falls  upon  the 
moon — that  is,  part  or  all  of  the  light 
from  the  sun  is  cut  off — and  there  is 
an  eclipse  of  the  moon.  This  does  not 
mean  that  something  opaque  hides 
the  moon  from  us,  as  is  the  case  with 
an  eclipse  of  the  sun,  but  that  the 
rays  of  the  sun  do  not  fall  upon  the 
moon,  and  hence  are  not  reflected 
back  to  us.  It  is  just  as  hard  to  see  the 
moon  when  it  is  in  the  dark  as  it  is  to 
see  a  book  or  a  chair  in  the  dark. 
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The  plumage  of  this  snowy  heron  reflects  light  differently  from  its  surround-  f 
ings,  and  the  bird  is  easily  seen 


In  general,  objects  are  conspicu¬ 
ous  to  the  sight  when  they  stand  out 
from  their  surroundings — that  is, 
when  they  reflect  a  different  kind  of 
light.  A  white  bird  in  the  reeds  re¬ 
flects  light  strikingly  different  from 
that  reflected  by  its  background ;  and 
hence  it  is  easy  to  see.  If,  however, 
objects  reflect  light  much  like  their 
surroundings,  they  are  inconspic¬ 
uous,  like  the  woodcock  in  the  brown 
leaves,  or  the  polar  bear  on  the  ice. 
In  times  of  war,  ships  and  big  guns 
are  camouflaged  so  that  they  blend 
with  their  surroundings  and  are 
hard  for  the  enemy  to  see. 


The  law  of  reflection.  Compare  angle 
A  with  angle  B 


The  law  of  reflection.  When  a 
ray  of  light  strikes  a  plane  mirror  ! 
perpendicularly,  the  ray  is  reflected  ! 
straight  back  to  its  source.  But  if  it  ; 
strikes  the  mirror  obliquely,  it  is  re-  j 
fleeted  obliquely.  The  angle  between  i 
the  perpendicular  and  the  direction 
of  the  ray  of  light  as  it  comes  to  the 
mirror  is  called  the  angle  of  inci -  \ 
dence;  the  angle  between  the  per¬ 
pendicular  and  the  direction  of  the 
ray  as  it  leaves  the  mirror  is  called 
the  angle  of  reflection.  The  law  of 
reflection  states  that  the  angle  of  in¬ 
cidence  is  equal  to  the  angle  of  reflec¬ 
tion.  If  we  can  measure  the  angle  at 
which  light  strikes  a  mirror,  we  can 
use  this  law  to  calculate  where  it 
will  go  after  reflection. 

How  you  see  yourself  in  a  mir¬ 
ror.  When  you  look  into  the  mirror, 
you  see  your  image  apparently 
standing  behind  the  mirror.  If  you 
will  examine  the  illustration  at  the 
left  and  perform  Experiment  83, 
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Harold  M.  Lambert 

The  light  reflected  from  this  bird’s  feathers  blends  so  well  with  that  reflected 
by  its  surroundings  that  discovery  of  the  bird  is  difficult 


you  will  know  why  you  see  yourself 
in  a  mirror  as  you  do.  You  can  read¬ 
ily  make  out  the  fundamental  laws 
of  the  mirror.  (1)  The  image  is  as 
far  behind  the  mirror  as  the  object 
is  in  front  of  it.  (2 )  It  is  of  the  same 
size  as  the  object.  (3)  It  is  erect 
( right  side  up).  (4)  It  is  reversed ; 
that  is,  when  you  raise  your  left 
hand,  the  image  raises  what  appears 
to  be  its  right  hand. 

[There  is,  in  reality,  no  image  be¬ 
hind  the  mirror.  No  ray  of  light  goes 
through  the  mirror  to  form  an  image 
where  you  seem  to  see  it.  Light  is  re¬ 
flected  by  the  mirror,  as  you  can  see 
by  reflecting  sunlight  to  the  wall 
from  a  small  mirror.  But  you  cannot 
reflect  your  own  image  to  the  wall. 
If  it  were  a  real  image ,  you  could 
catch  it  on  a  wall  or  on  a  screen  and 
see  it  as  you  see  a  picture  from  a  lan¬ 
tern.  The  rays  of  light  that  make  the 
image  in  the  mirror  seem  to  come 
from  a  point  behind  the  mirror. 


Such  an  image  formed  by  rays  of 
light  that  seem  to  come  from  a  point 
other  than  their  true  source  is  called 
a  virtual  image.  We  shall  learn  more 
about  real  and  virtual  images  when 
we  study  lenses.] 

Curved  mirrors.  Did  you  ever 
look  at  yourself  in  the  “funny  mir¬ 
rors”  at  the  amusement  park  or  in  a 
sideshow  at  the  circus?  One  mirror 
makes  you  look  “skinny”;  another 
makes  you  look  fat  and  “squatty.” 
These  mirrors  are  not  plane  mirrors, 


(REVERSED) 

Observe  four  laws  of  the  mirror.  The 
mirror  image  is  not  a  real  image  be¬ 
cause  the  rays  do  not  reach  it 
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Curved  mirrors  give  a  distorted  re¬ 
flection.  What  does  a  vertical  curve 
do  to  a  reflection?  A  horizontal  curve? 

but  are  curved,  usually  somewhat 
like  a  part  of  the  side  of  a  great  cyl¬ 
inder  in  an  upright  position  (for  the 
“skinny”  mirror)  or  horizontal  (for 
the  “squatty”  mirror).  You  can 
make  such  mirrors  with  a  sheet  of 
polished  tin.  Look  into  the  sheet  of 
tin  as  a  mirror  and  make  it  bulge  to¬ 
ward  you,  watching  your  image  as 
the  tin  bends.  You  will  find  that  it 
continues  to  act  as  a  mirror,  but  that 
your  image  is  distorted.  The  curved 
mirror  is  still  obeying  the  univer- 


The  concave  mirror  of  an  automobile 
headlight  concentrates  the  light 


sal  law  of  reflection ;  but  rays  do  not 
travel  the  same  direction  when  re¬ 
flected  from  a  cylindrical  surface  as 
when  reflected  from  a  plane  surface. 

However,  a  mirror  does  not  need 
to  have  a  plane  surface  to  be  useful. 

A  concave  mirror  (curved  somewhat 
like  the  inside  of  a  hollow  ball)  is 
used  in  the  headlight  of  an  automo¬ 
bile.  The  mirror  is  so  curved  that  all 
the  rays  of  light  falling  on  it  from 
the  lamp  (if  the  lamp  is  in  the  cor¬ 
rect  position)  will  be  reflected  for¬ 
ward  in  almost  parallel  but  slightly 
divergent  (spreading)  lines.  The 
concentration  of  the  rays  wastes  so 
little  light  that  a  small  lamp  can 
light  the  road  far  ahead. 

In  the  reflecting  telescopes  used 
by  the  astronomer,  the  parallel  rays 
from  a  far-distant  source  are  re¬ 
flected  by  a  concave  mirror  to  pro¬ 
duce  a  small  sharp  image  which  is 
then  magnified  by  lenses.  In  the  den¬ 
tist’s  mirror,  rays  from  the  tooth 
close  to  the  mirror  are  so  reflected 
that  they  produce  an  enlarged  im¬ 
age.  Convex  mirrors  (curved  like 
the  outside  of  a  ball)  are  sometimes 
used  in  automobiles  to  give  the 
driver  a  view  of  a  large  area  in  a  f 
small  mirror. 

Why  a  wall  is  no  mirror.  A 

light  streaming  through  the  window 
of  a  room  striking  the  opposite  wall 
obeys  the  universal  law  of  reflection. 
The  surface  of  the  wall,  however,  is 
rough  so  that  if  two  light  rays  are 
parallel  when  they  strike  the  wall, 
they  will,  after  reflection,  leave  the 
wall  in  very  different  directions. 
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These  two  rays  will,  after  traveling 
through  the  room,  strike  the  wall  or 
the  ceiling  and  will  be  reflected  once 
more.  We  speak  of  this  reflection 
from  roughened  surfaces  as  diffuse 
reflection,  and  it  is  by  means  of  this 
diffuse  reflection  that  we  ordinarily 
see  objects. 

The  behavior  of  light  rays  makes 
care  necessary  in  the  selection  of 
wall  paper  or  paint  for  a  room.  Im¬ 
agine  a  room  with  walls,  floor,  and 
ceiling  painted  a  dull  black.  A  win¬ 
dow  opening  into  the  room  might 
send  a  stream  of  sunlight  into  it.  The 
room,  however,  would  be  dark  and 
gloomy,  for  the  dull  black  would 
reflect  only  a  small  amount  of  light. 

Of  course,  no  one  would  attempt  to 
live  in  a  room  of  this  character,  but 
we  do  sometimes  go  too  far  in  that 
direction.  A  dark  brown,  dull  paper 
combined  with  a  dark  rug  and  wal¬ 
nut  furniture  will  give  a  room  such  a 
gloomy  air  that  we  are  glad  to  es¬ 
cape  from  it.  On  the  other  hand,  a 
light  cream  paint  in  the  kitchen  or 
white  tile  in  the  bathroom  gives  the 
rooms  a  bright,  cheery  appearance. 

In  selecting  and  furnishing  a 
home,  it  is  well  to  bear  such  things  as 
this  in  mind.  Remember,  too,  that 
direct  sunlight  is  valuable.  It  may 
fade  the  carpet  or  the  draperies,  but 
it  will  also  kill  tuberculosis  and 
other  germs,  and  provide  us  with 
energy.  Nevertheless,  it  is  possible 
to  go  too  far  in  making  rooms  bright 
and  cheerful.  A  white  enamel  paint 
covering  the  walls  and  ceiling  of  a 

room,  furniture  painted  white,  and 
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Light  walls,  light  woodwork,  and 
light  upholstery  combined  with  well 
placed  lamps  give  this  room  a  clean, 
cheerful,  and  restful  atmosphere 

a  very  light  rug  would  produce  an 
impression  of  cheerfulness.  You 
would  find  such  a  room  difficult  to 
work  in,  however,  because  the  glare 
of  the  reflected  light  would  be  injur¬ 
ious  to  your  eyes. 

Candle  power.  We  measure  light 
by  its  candle  power  (c.p.).  By  can¬ 
dle  power,  we  mean  the  light  given 
out  by  a  standard  candle.  A  stan¬ 
dard  candle  is  one  made  of  sperm 


The  von  Trotta 


Poor  lighting  causes  fatigue  and  may 
permanently  injure  the  eyes 

whale  oil,  seven  eights  of  an  inch 
thick,  burning  120  grains  an  hour. 
Today,  we  compare  lights  with  the 
brightness  of  electric  lights  of 
known  candle  power  instead  of  di¬ 
rectly  with  a  candle.  An  ordinary 
candle  gives  approximately  1  c.p.; 
a  20-watt  electric  lamp  will  give 
about  16  c.p. 

This  unit  of  illumination  is  defi¬ 
nitely  defined  by  the  Bureau  of  Stan¬ 
dards,  and  its  use  on  electric  bulbs 
guarantees  uniformity. 

Fading  with  distance.  Light 
spreads  out  as  it  travels  away  from 
a  lamp.  When  pictures  are  thrown 
on  a  screen  from  a  projection  lan¬ 
tern,  a  picture  becomes  larger  as 
the  lantern  is  moved  away  from  the 
screen.  Likewise  a  picture  be¬ 
comes  dimmer  as  the  distance  in¬ 
creases,  just  as  your  book  becomes 


dimmer  as  you  move  it  away  from 
the  lamp.  The  light  fades  at  a  definite 
rate  which  may  be  calculated.  If 
a  beam  of  light  from  a  lantern  1 
yard  from  a  screen  forms  a  square 
of  light  just  1  foot  on  a  side,  it  il¬ 
luminates  1  square  foot.  If  the  lan¬ 
tern  is  moved  2  yards  from  the 
screen,  the  light  will  cover  a  square 
2  feet  on  a  side  or  4  square  feet. 
Thus  at  twice  the  distance  the  light 
covers  4  times  as  much  area  and  the 
illumination  will  be  one  fourth  as 
intense.  If  the  lantern  is  moved  3 
yards  from  the  screen,  the  beam  of 
light  will  cover  a  square  3  feet  on  a 
side  or  9  square  feet,  and  the  illum¬ 
ination  will  be  one  ninth  as  intense. 
The  intensity  of  the  light  varies  in¬ 
versely  as  the  square  of  the  distance . 
This  statement  is  known  as  the  law 
of  inverse  squares . 

What  candle  power  do  we 
need?  We  call  the  amount  of  light 
received  on  a  plane  surface  placed  1 
foot  from  a  lighted  standard  candle 
a  foot  candle .  For  reading,  your 
book  should  be  illuminated  by  6  or 
7  foot  candles.  The  general  illu¬ 
mination  of  a  room  should  be  from 
2  to  3  foot  candles.  The  closer  the 
work  that  you  are  doing,  the  more 
foot  candles  you  require. 

Direct  and  indirect  lighting. 
If  you  have  ever  attempted  to  read 
a  book  in  direct  sunlight,  you  know 

The  law  of  inverse  squares. 

As  light  travels  away  from  a 
_  lamp,  it  spreads  out  and  loses 

intensity  at  a  regular  rate 
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that  the  intense  light  hurts  your  eyes. 
Do  not  injure  your  eyes  that  way. 
Also,  you  will  injure  your  eyes  by 
reading  with  a  bright  light  shining 
into  your  eyes  as  well  as  on  your 
book.  Direct  lighting,  with  the  light 
falling  straight  on  your  work,  is 
often  the  best  way  of  lighting  your 
work,  but  you  must  be  careful  that 
neither  the  direct  rays  from  the  lamp 
nor  glaring  reflected  rays  strike 
your  eyes. 

If  you  place  the  light  inside  a 
bowl  of  ground  or  opal  glass,  this 
bowl  becomes  the  source  of  the  light 
rays.  The  light  rays  no  longer  come 
from  a  point  but  from  a  large  area, 
giving  a  much  softer  light  and  one 
that  is  easier  in  our  eyes.  This  is,  of 
course,  more  expensive  than  direct 
lighting,  for  not  only  must  we  pay 
for  the  glass  bowl,  but  we  must  pay 
for  the  light  that  is  absorbed  by  the 
bowl.  This  method  of  lighting  a 
room  we  call  diffuse  lighting.  We 
can  secure  some  of  its  advantages 
by  using  a  frosted  bulb  instead  of 
one  of  clear  glass. 

The  third  method  of  lighting  is  to 
use  a  light  contained  in  a  bowl  so 
arranged  that  much  of  the  light 
strikes  the  ceiling  and  is  reflected 
downward.  This  method  gives  the 
most  diffused  lighting  and,  there¬ 
fore,  is  the  most  pleasant  to  work  by, 
but  it  is  expensive.  It  is  known  as 
indirect  lighting.  Some  lamps  are 
now  arranged  with  a  reflector  below 
the  lamp.  This  throws  the  light  on 
the  ceiling  where  it  is  reflected  down¬ 
ward.  With  a  200-watt  bulb,  such 


The  von  Trotta 

This  shows  good  lighting  for  reading. 
What  do  you  think  of  this  boy’s  post¬ 
ure? 


lamps  will  light  an  ordinary  room 
well. 

What  is  a  flame?  Light  a  can¬ 
dle  and  let  it  burn  for  five  minutes 
or  so.  Quickly  press  out  the  flame. 
You  will  see  a  smoke  rising  from  the 
wick.  Hold  a  lighted  match  in  this 
smoke  and  you  will  see  that  it 
catches  fire  and  the  flame  runs  down 
to  the  wick.  The  smoke  contains  a 
gas.  The  candle  is  really  a  minia¬ 
ture  gas  factory.  Flame  is  burning 
gas.  The  heat  of  the  flame  changes 
the  wax  of  the  candle  to  a  gas.  The 
heat  of  this  burning  gas  decomposes 
the  wax,  setting  free  tiny  particles 
of  carbon,  and  it  is  these  glowing 
carbon  particles  that  give  the  can¬ 
dlelight. 

_ _ FAINTLY  LUMINOUS 

MANTLE 

BRIGHT  YELLOW 
i  LUMINOUS  FLAME 

UNBURNED  GASES 

BLUE  REGION  IN' 
THE  BASE 

WICK 

A  candle  is  a  gas 
factory 
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Phila.  Electric  Co, 


Direct  lighting  of  a  drafting  room.  Compare  with  the  picture  opposite 


•  i 


Artificial  light.  The  ancient 
Romans  placed  grease  in  a  shallow 
cup,  put  in  a  rag  to  serve  as  a  wick, 
and  lighted  the  lamp.  The  smoky 
flame  gave  little  light.  Candles  to¬ 
day  give  an  artistic  touch  to  a  dining 
table  or  a  soft  light  for  a  conversa¬ 
tion,  but  if  you  have  tried  in  camp  to 
write  letters  home  by  candlelight, 
you  knowhow  feeble  it  is.  / 
With  the  discovery  of  crude  oil 
(petroleum)  came  the  kerosene 
lamp.  This  was  a  great  improvement 
on  any  of  the  previous  methods  of 
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CHIMNEY 


^  BRIGHT  YELLOW 
‘■r . /  / LUMINOUS  FLAME 

MmidJ 

Kp  KEROSENE  CHANGING 
INTOGAS  (DARK  BLUE 
"  SECTION  OF  FLAME) 


WICK  ADJUSTER 


The  kerosene  lamp 


lighting  a  house,  but  it,  too,  had  its 
disadvantages.  The  lamps  had  to  be 
filled  daily  and  the  wicks  trimmed. 
If  any  kerosene  was  spilled  on  the 
outside  of  the  lamp,  the  heat  of  the 
lamp  vaporized  it  and  caused  an  un¬ 
pleasant  odor. 

Illuminating  gas,  made  by  heat¬ 
ing  soft  coal  out  of  contact  with  the 
air,  was  also  used  a  few  years  ago 
for  city  and  town  lighting.  The  gas 
was  convenient  but  gave  a  yellow 
flame  of  a  rather  low  candle  power. 
Then  Auer  von  Welsbach,  an  Aus¬ 
trian  chemist,  discovered  that  when 
oxides  of  certain  rare  elements,  such 
as  thorium,  were  heated  in  a  color¬ 
less  Bunsen  burner  flame,  they 
glowed  with  an  intense  bright  light. 
This  was  the  start  of  the  mantle 
(Welsbach)  light  used  very  ex¬ 
tensively  about  1895.  At  the  present 
time  all  these  methods  of  lighting 
have  been  superseded  by  the  incan¬ 
descent  electric  light,  invented  by 


i 
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Phila.  Electric  Co. 

This  shows  the  room  opposite  after  indirect  lighting  was  installed 


Thomas  A.  Edison.  A  fine  wire  is 
heated  to  incandescence  (glowing) 
by  its  resistance  to  electric  current. 
The  modern  electric  bulbs  use  a  wire 
of  the  metal  tungsten,  and  are  filled 
with  either  nitrogen  or  argon  gas  to 
prevent  the  vaporization  of  the 
metal  and  “burning  out.”  (See 
page  32.)  The  incandescent  lamp  is 


into  gas,  burning  this  gas,  and  using 
the  heat  developed  to  heat  a  Wels- 
bach  mantle.  These  portable  gaso¬ 
line  lamps,  though  attended  by  some 
little  fire  risk,  are  used  quite  exten¬ 
sively  in  the  country.  They  give  a 
very  bright  light. 

Fluorescent  lamps  are  glass  tubes 
coated  on  the  inside  with  certain 


the  most  convenient  and  most  eco¬ 
nomical  form  of  lighting  where  elec¬ 
tricity  is  available. 

Another  very  satisfactory  light  is 
that  obtained  by  converting  gasoline 


At  left,  a  Welsh ach  light. 
This  is  a  Bunsen  burner  that 
heats  a  mantle  to  incandes¬ 
cence  (glowing).  Compare 
with  Bunsen  burner  Experi¬ 
ment  70.  At  right,  a  gas  filled 
incandescent  lamp 
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chemicals.  The  tubes  contain  a  little 
mercury.  Heated  by  an  electric  cur¬ 
rent,  the  mercury  vapor  gives  out 
invisible  ultraviolet  rays  which 
strike  the  coating  substance  and 
cause  fluorescence,  or  the  giving  out 
of  visible  light  rays. 

Bending  light.  You  have  prob¬ 
ably  noticed  that  a  stick  thrust  into 
the  water  or  the  oar  of  a  boat  in  the 
water  looks  bent.  If  you  have  not 
noticed  the  effect,  put  a  pencil  into 
a  tumbler  of  water.  Look  at  the  pen¬ 
cil  from  various  angles.  We  know 
that  the  pencil  is  straight,  yet  it  looks 
bent.  This  is  because  in  going  from 
water  to  air,  the  light  waves  are  go¬ 
ing  from  one  substance  to  another 
substance  of  different  density.  This 
causes  the  light  waves  to  bend  at  the 
point  of  contact  between  the  air  and 
the  water.  In  the  water  and  in  the  air 
the  waves  travel  in  straight  lines,  but 
at  the  point  where  they  leave  the 
water,  they  change  their  direction. 
This  bending  is  called  refraction. 

You  will  probably  see  refraction 
if  you  will  look  at  the  wall  back  of 
your  kitchen  stove  when  the  stove  is 
lighted.  The  air  over  the  hot  stove  is 
heated  and  this  alters  its  density. 
This  in  turn  changes  the  direction  in 
which  the  waves  of  light  travel  and, 
in  consequence,  straight  lines  be¬ 
come  very  much  distorted.  You  may 
have  noticed  the  same  thing  at  the 
beach  on  a  hot  summer’s  day.  Look 
at  a  pole  so  placed  that  the  currents 
of  hot  air  from  the  sands  are  be¬ 
tween  you  and  the  pole.  Not  only 
does  the  pole  seem  distorted,  but 


Why  does  the 
pencil  in  the 
water  seem 
bent?  See  Ex¬ 
periment  84 

this  distortion  changes  from  mo¬ 
ment  to  moment  as  the  currents  of 
hot  air  change.  Diamonds  and  other 
precious  stones  owe  much  of  their 
beauty  to  the  refraction  of  light  that 
takes  place  at  their  polished  faces. 

Lenses.  Lenses  make  things  seen 
through  them  appear  larger  or 
smaller.  A  magnifying  glass  or 
reading  glass  is  a  lens.  By  the  word 
lens,  we  ordinarily  mean  a  piece  of 
glass  having  one  or  two  curved  sides. 
A  lens  need  not  be  of  glass;  it  may 
be  of  any  transparent  material. 
Your  eye  contains  a  lens  made  of  an 
animal  substance.  For  certain  op¬ 
tical  work  lenses  are  made  from 
crystals  of  quartz  (rock  crystal). 

You  can  make  a  burning  glass  (or 
lens)  of  ice.  Select  from  your  ice 
box  a  small  piece  of  ice,  choosing  a 
piece  as  transparent  and  free  from 
flaws  as  possible.  With  a  knife,  chip 
the  ice  until  it  is  roughly  the  shape 
of  the  double  convex  lens  shown 
on  page  217.  Wet  a  towel  in  hot 
water  and  use  this  to  smooth  the 
rough  surfaces  of  the  lens.  Remem¬ 
ber  that  you  are  trying  to  produce 
two  curved  surfaces  that  are  por¬ 
tions  of  a  sphere.  With  a  large  ice 
lens  you  can  scorch  a  piece  of  paper 
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Convergent  lenses.  How  do  they  bend 
the  rays?  Double  convex,  plano-con¬ 
vex,  and  concavo-convex  lenses 

held  at  the  focus  of  the  lens  (where 
the  rays  passing  through  the  lens 
come  to  a  point). 

There  are  many  different  forms 
of  lens.  Those  that  are  thin  at  the 
edge  and  thicker  in  the  middle  are 
called  convergent  lenses;  that  is, 
they  bring  rays  of  light  passing 
through  them  to  a  point  called  a 
focus.  Those  that  are  thick  at  the 
edge  and  thin  in  the  middle  are 
called  divergent  lenses;  that  is,  they 
scatter  the  rays  of  light  passing 
through  them. 

Real  and  virtual  images.  Hold 

a  convex  (converging)  lens  close  to 
a  white  wall  opposite  a  window. 
Move  the  lens  to  and  fro.  You  will 
find  that  when  it  is  at  one  certain  dis¬ 
tance  from  the  wall,  you  will  obtain 
on  the  wall  a  small  inverted  picture 
of  the  window.  We  call  this  picture 
a  real  image ,  because  it  is  really 
formed  by  the  rays  of  light  that  ac¬ 
tually  do  reach  the  wall  on  which  we 
see  it.  Repeat  your  experiment,  us¬ 
ing  again  a  convex  lens,  but  one  hav¬ 
ing  a  different  curvature.  You  will 


find  that  you  again  obtain  a  real  im¬ 
age  on  the  wall.  You  will  also  find 
that  this  real  image  is  sharp  and  dis¬ 
tinct  only  when  the  lens  is  held  at  a 
different  distance  from  the  wall  than 
was  necessary  in  the  first  case.  If  you 
will  try  a  dozen  lenses,  all  of  vary¬ 
ing  curvature,  you  will  see  that  the 
position  of  the  lens  necessary  to  cast 
a  sharp  image  changes  with  the 
curve.  The  greater  the  curve  of  the 
lens,  the  nearer  the  lens  must  be 
placed  to  the  wall  to  obtain  the  sharp 
image.  You  will  also  find  that  the 
size  of  the  image  depends  upon  the 
degree  of  curvature.  The  greater  the 
curvature,  the  smaller  the  image 
produced.  In  every  case,  however,  a 
real  image  will  be  obtained. 

The  test  of  a  real  or  virtual  image, 
for  example,  in  a  plane  mirror,  is 
whether  or  not  we  can  catch  it  on  a 
wall  or  screen.  If  we  can  it  is  real, 
otherwise  it  is  virtual  (not  real).  If 
you  substitute  a  concave  (diverg¬ 
ing)  lens  for  the  convex  lens,  you 
will  find  that  no  matter  where  you 
place  it,  it  is  impossible  to  get  a  real 


Divergent  lenses.  These  are  concave 
lenses 
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image  upon  the  wall.  If,  however, 
you  look  through  the  lens,  moving  to 
and  fro,  in  front  of  your  eye,  you 
can  easily  obtain  a  virtual  image  of 
the  window. 
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Experiment  80 

Question:  How  can  I  show  that  light 
rays  travel  in  straight  lines? 

Materials:  Three  pieces  of  cardboard, 
A ,  B,  and  C,  each  mounted  on  a  wooden 
support.  Each  card  has  a  small  hole 
punched  through  it  and  all  the  holes 
are  exactly  the  same  height  from  the 
table.  A  bright  light — candle  or  an  elec¬ 
tric  light. 

Directions:  (a)  Support  the  lamp  so 
that  the  flame  is  opposite  the  hole  in  the 
card  A.  Place  the  card  B  1  foot  from  A. 
Look  through  the  hole  in  B.  Move  B  to 
and  fro  until  you  can  see  the  light 
through  the  hole  in  A.  Put  card  C  about 
6  inches  from  B  and  adjust  its  position 
until,  on  looking  through  the  hole  in  C, 
you  can  see  the  light  shining  through 
the  holes  in  A  and  B.  Take  a  stiff 
straight  wire  or  glass  rod  and  push  it 
through  the  holes  in  A,  B,  and  C.  The 
wire  represents  the  path  of  the  light 
rays.  1.  Is  the  path  of  the  rays  of  light 
curved  or  straight? 

(6)  Place  a  straight  stiff  wire  through 
the  holes  in  the  cards  A,  B,  and  C.  Put 
the  candle  flame  opposite  the  end  of  the 
wire.  See  that  the  cards  are  about  10 
inches  apart.  Remove  the  wire  and  look 
through  the  holes.  You  will  see  the  can¬ 
dle  flame.  Move  card  B  slightly  to  one 
side  so  that  the  holes  are  no  longer  in 
line.  2.  Why  do  you  no  longer  see  the 
candle  flame? 


Diagram:  Show  apparatus  in  use. 

Conclusion:  Answer  the  problem. 

Practical  application:  Sighting  a  gun, 
catching  a  thrown  ball. 

Experiment  81  (Optional) 

Question:  Which  objects  do  you  see? 
Get  some  dead  black  cloth  such  as  vel¬ 
veteen;  two  small  balls,  one  of  which  is 
white;  a  shining  object,  such  as  an  ap¬ 
ple;  a  dull  object,  such  as  a  potato;  a 
candle.  Set  some  books  on  a  table  to 
form  a  background;  cover  the  back¬ 
ground  and  the  table  in  front  with  the 
velveteen.  Wrap  one  ball  in  a  small 
piece  of  velveteen.  Set  the  objects,  in¬ 
cluding  the  wrapped  ball,  in  a  row  on 
the  black  cloth.  Darken  the  room. 
Which  can  you  see?  Light  the  candle. 
Which  now  can  you  see  most  easily? 

Experiment  82 

Question:  In  what  direction  does  a 
mirror  throw  a  beam  of  light? 

Materials:  A  large  cardboard  to  cover 
a  windowpane;  a  rule;  a  small  mirror; 
a  little  chalk  dust  or  talcum  powder;  a 
white  card. 

Directions:  Cover  a  sunlit  window- 
pane  with  a  piece  of  cardboard  in 
which  a  small  hole  has  been  punched. 
If  there  is  no  sunlit  window,  a  lantern 
may  be  substituted.  Darken  the  room. 
Reflect  the  ray  of  light  to  the  ceiling 
with  the  mirror.  Have  someone  blow 
the  powder  across  the  beams  of  light. 
Hold  the  rule  at  right  angles  to  the  mir¬ 
ror,  with  its  end  at  the  spot  where  the 
light  is  reflected.  Note  the  angle  between 
the  rule  and  the  beam  of  light  on  each 
side  of  the  rule.  How  does  the  angle  on 
the  side  from  which  the  light  strikes  the 
mirror  (the  angle  of  incidence)  com¬ 
pare  with  the  angle  on  the  side  toward 
which  it  leaves  the  mirror  (the  angle  of 
reflection)  ?  Replace  the  mirror  with  the 
white  card.  Blow  some  dust  as  before. 
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Does  the  card  reflect  a  ray  of  light  to 
the  ceiling?  How  does  the  reflected  light 
seem  to  leave  the  card?  This  is  diffused 
light. 

Results:  State  what  you  observed. 

Conclusion:  How  does  the  angle  of 
incidence  compare  with  the  angle  of  re¬ 
flection?  How  does  reflection  from  a 
polished  surface  differ  from  reflection 
from  an  unpolished  surface? 

Experiment  83 

Question:  Where  is  the  face  in  the 
mirror?  Is  it  your  face?  What  is  the 
law  of  reflection? 

Materials:  Mirror;  lighted  candle; 
book;  rule;  2  pieces  of  white  paper;  2 
pins;  protractor. 

Directions:  Support  the  mirror  per¬ 
pendicularly  to  the  surface  of  the  table. 
Place  the  rule  at  right  angles  to  the 
mirror,  with  the  1-inch  end  touching  the 
mirror.  1.  Place  the  candle  at  the  4-inch 
mark;  the  book  at  the  8-inch  mark.  How 
far  does  each  seem  to  be  behind  the 
mirror?  2.  Look  in  a  mirror  and  wink 
your  right  eye.  Does  the  image  wink  its 
right  eye?  Write  your  name  on  a  piece 
of  paper  and  hold  the  name  up  to  the 
mirror.  How  is  the  image  name  changed? 
3.  Lay  a  sheet  of  paper  on  the  table 
with  its  edge  against  the  mirror.  Stick  a 
pin  upright  in  the  table  about  4  inches 
from  the  mirror.  Place  your  eye  on  the 
level  of  the  table  farther  to  the  right. 
Stick  a  second  pin  in  the  table  on  a  line 
with  the  mirror  image  of  the  first  pin 
and  the  same  distance  from  the  mirror. 
Stick  a  third  pin  at  the  edge  of  the 
paper,  next  to  the  mirror,  in  line  with 
the  second  pin  and  the  mirror  image  of 
the  first  pin  (see  lower  figure).  Now 
draw  a  line  with  the  rule  from  the  first 
to  the  third  pin.  This  line  marks  the  di¬ 
rection  of  a  ray  of  light  from  the  first 
pin  to  the  mirror,  the  incident  ray. 
Draw  another  line  from  the  second  pin 


to  the  third  pin.  This  line  marks  the 
path  of  the  ray  of  light  after  it  is  re¬ 
flected  by  the  mirror,  the  reflected  ray. 
Draw  a  line  perpendicular  to^the  mir¬ 
ror  at  the  third  pin.  This  line  is  called  a 
normal.  The  angle  between  the  incident 
ray  and  the  normal  is  the  angle  of  inci¬ 
dence.  The  angle  between  the  reflected 
ray  and  the  normal  is  the  angle  of  re¬ 
flection.  Measure  the  two  angles  with  a 
protractor. 

Results:  Record  your  observations 
and  draw  diagrams  to  illustrate  the  ex¬ 
periment. 

Conclusion:  How  far  behind  the  mir¬ 
ror  does  an  image  seem  to  be?  There  is 
not  really  any  image  behind  the  mirror. 
It  is  a  virtual ,  not  a  real  image.  Are  the 
right  and  left  sides  in  their  real  position 
or  reversed?  (The  image  is  “perverted,” 
or  a  “mirror  image.”)  How  does  the 
angle  of  incidence  compare  with  the 
angle  of  reflection?  In  what  way  does 
the  face  in  the  mirror  differ  from  your 
face?  What  is  meant  by  a  mirror 
image? 

Experiment  84 

Question:  How  can  I  illustrate  refrac¬ 
tion  of  light? 
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Materials:  A  lead  pencil;  water;  2 
cups;  2  pennies. 

Directions:  (a)  Place  the  cups  side 
by  side.  Put  a  penny  in  the  center  of  the 
bottom  of  each.  Move  back  from  the 
cups  until  the  pennies  are  just  hidden 
by  the  rims  of  the  cups.  Then  have  a 
classmate  pour  water  slowly  into  the 
second  cup. 

( b )  Hold  a  lead  pencil,  in  a  slanting 
position,  partly  under  water  in  a  tum¬ 
bler  as  in  figure  B. 

Result:  1.  What  happened  when  the 
water  was  poured  into  the  second  cup? 
If  the  penny  did  not  come  into  view, 
repeat  the  experiment  changing  your 
position  a  little.  2.  What  was  the  ap¬ 
pearance  of  the  pencil? 

Diagram:  Show  the  rays  of  light 
coming  from  the  penny  in  the  second 
cup  and  the  path  of  the  rays  of  light 
coming  from  the  portion  of  the  pencil 
in  the  water. 


Conclusion:  1.  Why  does  the  penny 
come  into  view  in  the  second  cup? 

2.  Why  does  the  pencil  seem  bent? 

3.  What  name  do  we  give  to  this  bend¬ 
ing  of  light  rays?  4.  Why  does  an  oar 
partly  immersed  in  water  seem  to  be 
bent  at  the  point  where  it  enters  the 
water?  5.  Why  does  a  pond  seem  to  be 
shallower  than  it  really  is?  6.  If  you 
were  spearing  a  salmon,  where  would 
you  aim,  directly  at  the  fish,  above  it, 
or  below  it? 

Practical  application:  It  is  by  refrac¬ 
tion  that  lenses  have  their  effect  of  mag¬ 
nifying,  bring  rays  to  a  focus,  etc.;  it  is 
refraction  that  makes  it  possible  for 
images  to  be  formed  in  our  eye. 

Experiment  85  (Optional) 

Question:  What  is  the  relative  inten¬ 
sity  of  light  from  lamps  using  gas  jet, 
gas  mantle,  and  tungsten  filament?  At 
one  end  of  a  table  set  a  lighted  gas  jet.  A 
foot  away  lay  a  sheet  of  white  paper. 
Set  a  spool  in  the  middle  of  the  paper. 
On  the  edge  of  the  paper  opposite  the 
gas  jet  set  a  lighted  gas-mantle  burner. 
Darken  the  room.  Move  the  mantle 
burner  away  until  the  shadows  on  each 
side  of  the  spool  seem  to  be  of  the  same 
density.  Replace  the  mantle  burner  with 
a  50-watt  tungsten  lamp.  Again  adjust 
the  distance  until  the  shadows  are  equal. 

A  gas  mentle  at  .  inches  is 

equivalent  to  a  plain  gas  jet  at . 

inches.  A  50-watt  tungsten  lamp  at 

.  is  equivalent  to  a  gas  jet  at 

. inches. 


Chapter  Twenty-nine 

The  Camera  and  the  Eye 


Chemical  changes  from  the 
sun.  Many  a  girl  has  had  the  ex¬ 
perience  of  buying  a  delicate  pink 
or  blue  dress  in  the  spring  to  find  by 
fall  that  the  color  has  changed  to  an 
unattractive  shade.  Such  chemical 
changes  produced  by  sunlight  make 
photography  possible.  There  are 
many  substances  that  are  changed 
by  the  sun’s  rays,  but  the  best  for 
photography  are  silver  salts. 

An  “ordinary”  photographic 
plate  is  a  piece  of  glass  coated  with 
a  mixture  of  silver  bromide  and  gel¬ 
atin.  Roll  film  has  the  same  mixture 
on  a  transparent,  flexible  (capable 
of  being  bent)  film.  The  finished 
photograph  is  made  on  paper  coated 
with  a  similar  mixture. 

How  photographs  are  made. 
The  camera  consists  essentially  of  a 
box  with  a  convex  lens  on  one  side 
and  a  photographic  plate  on  the  op¬ 
posite  side.  When  the  camera  is 


pointed  at  a  tree  and  light  is  allowed 
to  pass  through  the  lens  for  a  very 
brief  time,  the  image  of  the  tree  that 
falls  on  the  photographic  plate  starts 
a  chemical  action.  This  chemical  ac¬ 
tion  is  proportional  to  the  amount  of 
energy  that  affects  the  silver  salt  in 
the  different  parts  of  the  image.  The 
image  of  the  blue  sky  is  very  bright. 
It  contains  much  “photographic” 
energy.  The  part  of  the  photo¬ 
graphic  plate  on  which  this  image 
falls,  therefore,  will  undergo  a  con¬ 
siderable  chemical  change.  As  the 
trunk  of  a  tree  is  dark,  its  image  will 
be  dull,  and  the  part  of  the  plate  on 
which  the  image  of  the  tree  trunk 
falls  will  undergo  only  a  small 
chemical  change. 

If  you  examine  the  plate  after  ex¬ 
posure,  you  will  see  no  evidence  of 
a  chemical  change.  But  the  plate  is 
put  into  a  solution  called  a  devel¬ 
oper.  This  solution  has  the  power  of 


This  positive  print  was  made  from 
the  negative  opposite 


carrying  on  the  change  started  by 
the  light.  After  development,  the 
plate  is  rinsed  in  water  to  wash  all 
the  developer  from  it.  If  it  should 
now  be  exposed  to  light,  you  would 
have  a  picture  of  the  tree,  but  this 
picture  would  slowly  disappear.  The 
parts  of  the  plate  that  have  not  been 
affected  by  the  developer  are  still 
capable  of  being  acted  upon  by  light 
and,  as  a  result,  we  should  eventually 
have  a  plate  completely  black.  To 
prevent  this,  after  the  plate  has  been 
washed,  it  is  put  into  another  solu¬ 
tion  called  hypo.  The  hypo  dissolves 
from  the  plate  all  of  the  silver  com¬ 
pound  that  was  not  affected  by  the 
exposure,  but  leaves  unaltered  the 
black  image  produced  by  the  devel¬ 
oper.  This  treatment  is  called  fixing 


the  plate.  In  the  final  step,  the  plate 
is  washed  and  dried  and  we  have  a 
negative. 

In  the  negative ,  the  lights  and  f 
shades  of  the  scene  are  reversed.  The 
sky  in  nature  is  bright.  The  image  of  I 
the  bright  sky  produced  a  consider-  : 
able  chemical  change  on  the  plate  so  > 
that  on  development  the  sky  turned  i 
black.  A  tree  trunk  that  in  nature 
was  dark  caused  little  chemical  i 
change  so  that  on  development  it  re- 
mained  light.  Black  becomes  white 
in  the  negative  and  white  becomes  i 
black.  For  this  reason  we  speak  of  ) 
our  result  as  a  negative.  I 

If  now  we  place  another  photo-  • 
graphic  plate  in  contact  with  the  I 
first,  expose  it  for  a  short  time  in  I 
such  a  way  that  light  gets  to  it  only  f 
through  the  first  plate,  and  again  de¬ 
velop,  fix,  wash,  and  dry,  we  shall 
obtain  a  positive.  In  the  negative  the 
sky  was  opaque.  Little  light  passes 
through  it  to  the  plate  underneath  so 
that  on  developing,  the  sky  portion  ! 
of  the  plate  remains  comparatively  ' 
clear.  The  tree  trunk  in  the  negative  i 
is  almost  transparent.  Light  readily  j 
passes  through  it  and  affects  that  \ 
portion  of  the  plate  directly  under  it.  j 
On  developing,  this  portion  of  the 
plate  turns  black.  The  positive  thus  j 
reverses  the  lights  and  shades  of  the  1 
negative,  and  restores  them  to  their  t 
condition  in  nature.  It  is  in  this  way 
that  lantern  slides  are  made.  If,  in- 
stead  of  using  a  glass  plate,  we  use  j 
paper  coated  with  the  same  light- 
sensitive  emulsion,  we  obtain  an  or¬ 
dinary  photograph  on  paper. 
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Knowing  that  light  affects  the  sen¬ 
sitive  plate  or  film,  you  may  wonder 
how  it  is  possible  to  work  in  a  pho¬ 
tographer’s  dark  room.  It  is  true  that 
the  plate  is  somewhat  sensitive  to  all 
light.  The  ordinary  plate  or  film, 
however,  is  almost  insensitive  to  a 
dark  red  light.  Dark  rooms  are,  there¬ 
fore,  lighted  dimly  with  red  lights. 

If  you  had  on  a  yellow  or  red 
dress  when  photographed  with  ordi¬ 
nary  plates  or  films,  you  would  find 
in  the  finished  photograph  that  your 
dress  would  appear  to  be  black.  If 
you  had  on  a  white  dress  with  blue, 
red,  and  black  figures,  you  would 
hardly  recognize  the  dress  in  the 
finished  photograph.  The  blue  fig¬ 
ures  would  hardly  show,  and  the  red 
and  black  would  be  equally  dark.  In 
ordinary  plates  and  films  blue  and 
white  affect  the  silver  about  equally, 
while  red,  yellow  and  black  hardly 
affect  it  at  all.  By  adding  certain 
dyes  to  the  silver  and  gelatin  mix¬ 
ture,  the  silver  compounds  can  be 
made  sensitive  to  yellow  and  red 
lights.  Panchromatic  plates  and 
films,  sensitive  to  all  colors,  are 
widely  used  by  both  professional 
photographers  and  amateurs. 

What  a  camera  does.  Open  an 
ordinary  small  camera  and  examine 
it.  If  it  is  not  fitted  with  a  ground 
glass  at  the  back,  remove  the  back 
and  use  instead  of  it  a  piece  of 
ground  glass  or  wax  paper  fastened 
with  rubber  bands.  Notice  that  the 
lens  in  the  front  of  the  camera  is 
convex,  and  that  a  shutter  admits  or 
shuts  out  the  light.  A  diaphragm  or 


In  the  negative  the  lights  and  darks 
are  reversed 


stop  allows  all  of  the  lens  or  only  a 
small  central  portion  to  be  used.  It 
is  also  possible  in  the  better  cameras 
to  change  the  distance  of  the  lens 
from  the  back  of  the  camera  in  order 
to  obtain  sharp  images. 

Point  the  camera  toward  a  large 
near-by  sign  or  any  object  with 
sharply  marked  outlines,  using  the 
largest  stop  or  diaphragm.  Move  the 
lens  back  and  forth  until  the  image 
on  the  ground  glass  is  sharp.  As  the 
image  on  the  ground  glass  is  very 
faint,  it  is  a  help  to  throw  an  opaque 
cloth  (focusing  cloth)  over  your 
head  and  the  camera  so  as  to  shut 
out  as  much  of  the  outside  light  as 
possible.  You  will  notice  that  the  im¬ 
age  is  inverted  (upside  down).  Now 
point  the  camera  at  some  bright  dis- 
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tant  object.  To  make  its  image  sharp, 
you  must  move  the  lens  closer  to  the 
ground  glass.  Replace  the  large  stop 
by  a  small  one.  You  will  see  that  the 
image  is  fainter,  because  not  so 
much  light  can  get  through  the  small 
stop  as  passed  through  the  larger 
stop.  You  will  also  notice  that  the 
image  is  sharper. 

The  human  eye.  The  human  eye 
is  an  almost  spherical  ball  about  one 
inch  in  diameter.  The  front  of  the 
eye  contains  a  slightly  bulging, 
transparent  covering  called  the 
cornea.  Behind  this  is  a  colored  cur¬ 
tain  called  the  iris.  The  adjustable 


opening  in  the  iris  is  the  pupil.  Just 
behind  the  pupil  is  a  small,  very 
convex  lens.  In  the  back  of  the  eye 
is  a  sensitive  coating,  the  retina , 
which  contains  the  nerves  of  sight. 
The  spaces  of  the  eyes  are  filled  with 
a  transparent  fluid  and  jellylike 
substances  which  keep  the  eye  in 
shape. 

In  a  word,  the  eye  is  a  camera .  It 
has  a  lens,  an  adjustable  stop  or  dia¬ 
phragm,  and  a  sensitive  film.  When 
you  look  at  this  page,  your  eye  is 
acting  like  a  camera.  The  lens  of  the 
eye  is  forming  a  small,  inverted, 
sharp  image  on  the  retina .  Under 
proper  conditions  this  image  in  the 
eye  can  be  actually  seen.  By  exam¬ 
ining  it,  physicians  learn  of  defects 
that  may  exist. 

The  pupil  of  the  eye  operates  as 
does  the  diaphragm  of  the  camera. 
If  the  light  is  dim,  the  pupil  opens, 
permitting  more  light  to  fall  on  the 
retina.  If  the  light  is  bright,  the  pu¬ 
pil  contracts,  cutting  down  the  light 
that  would  otherwise  dazzle  the  eye. 
The  eye  of  the  cat  has  a  diaphragm 
which  permits  very  wide  opening. 
This  enables  the  animal  to  see  bet¬ 
ter  than  others  in  a  dim  light.  Now 
observe  a  cat’s  eyes  in  the  bright 
sunlight  and  again  in  a  dim  light. 
You  will  readily  see  one  reason  why 
its  vision  is  superior  to  yours  when 
the  light  is  dim. 

The  retina  is  filled  with  tiny  nerve 
filaments  leading  to  the  optic  nerve 
(nerve  of  sight).  When  the  image 
falls  on  these  nerves,  they  carry  a 
message  to  the  brain,  and  one  sees. 
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A  cat’s  eye  shows  very  clearly  how  the  pupil  opening  accommodates  itself 
to  the  intensity  of  light 

A  pupil  sometimes  asks  why  then 
we  do  not  see  things  upside  down.  It 
is  because  seeing  is  a  matter  of  edu¬ 
cation.  A  baby  learns  to  reach  up  for 
what  he  wants  when  light  from  the 
object  strikes  the  lower  part  of  his 
retina,  though  he  does  not  know,  of 
course,  what  becomes  of  the  light  in¬ 
side  his  eye.  He  learns  to  reach  down 
when  light  strikes  the  upper  part  of 
his  retina.  He  learns  to  reach  in  the 
direction  from  which  the  light  comes 
without  knowing  that  up  and  down 
are  reversed  on  his  retina.  The  im¬ 
portant  thing  is  where  the  light 
comes  from. 

When  we  are  taken  away  from 
our  usual  surroundings,  our  eyes 
often  play  us  false.  For  example,  we 


Correcting  nearsighted  and  farsighted  eyes.  How  are  the  rays  of  light 
changed  by  each  lens? 


are  accustomed  to  judge  distance 
largely  by  the  distinctness  with 
which  we  see  objects.  Perhaps  we 
have  learned  by  experience  in  our 
home  town  that  when  a  tree  is  a  mile 
away,  it  has  certain  indistinct  ap¬ 
pearances.  If  we  go  to  Arizona, 
where  the  air  is  much  clearer,  to  pro¬ 
duce  the  same  appearance  of  indis¬ 
tinctness,  a  tree  must  be  three  miles 
away.  We  shall  misjudge  distance 
badly  until  we  have  become  accus¬ 
tomed  to  our  new  environment. 

To  obtain  a  sharp  image  in  the 
camera,  we  vary  the  distance  of 
the  lens  from  the  plate.  In  the 
eye,  the  distance  between  the  lens 
and  the  retina  is  not  changed.  Instead, 
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These  eyes  are  wearing  contact  lenses 
which  fit  under  the  eyelids  and  are 
practically  invisible 

the  shape  of  the  lens  is  changed  by 
a  band  of  muscle  that  surrounds  it, 
which  can  make  the  lens  more  or  less 
convex.  Through  this  process  the  eye 
has  the  power  of  focusing  for  both 
near  and  distant  objects.  This  is 
called  the  power  of  accommodation. 

Eye  defects.  If  the  distance 
through  the  eyeball  from  lens  to 
retina  is  a  little  too  great,  it  is  im¬ 
possible  for  the  eye  muscle  to  relax 
enough  to  give  the  lens  the  proper 
shape  to  bring  near  objects  into  clear 
focus.  They  focus  at  a  point  in  front 
of  the  retina.  Distinct,  sharp  vision 
is  impossible.  People  with  such  eyes 
are  said  to  be  nearsighted.  This  con¬ 
dition  may  be  remedied  by  the  use 
of  glasses  with  concave  lenses, 
which  slightly  diverge  the  light  rays, 
causing  them  to  focus  in  the  proper 
position  on  the  retina. 

If  the  eyeball  is  too  short  from 
front  to  back,  the  reverse  defects  ex¬ 
ist.  The  lens  is  not  sufficiently  convex 
to  bring  the  image  of  near  objects  to 
a  focus  on  the  retina,  but  instead  the 
point  of  focusing  is  back  of  the  ret¬ 
ina.  Such  an  eye  cannot  see  near  ob¬ 
jects  clearly.  Persons  with  such  eyes 
are  said  to  be  farsighted.  To  remedy 
this  condition  convex  glasses  are 


used  to  increase  the  curvature  effect 
of  the  lens  and  so  focus  the  rays 
nearer  the  lens. 

As  we  grow  older,  the  eye  lens 
hardens,  and  it  becomes  impossible 
for  us  to  change  its  shape  sufficiently 
to  bring  near  objects  into  focus  on 
the  retina.  The  power  of  accommo¬ 
dation  is  lessened.  Convex  lenses  aid 
in  correcting  this  condition.  Accom¬ 
modation  to  different  distances  is 
provided  by  bifocal  lenses,  the 
lower  segment  being  used  for  read¬ 
ing  and  the  upper  for  seeing  objects 
at  greater  distances. 

One  of  the  common  defects  in 
eyesight  is  astigmatism.  This  is  a 
condition  in  which  the  eye  lens  does 
not  have  a  truly  spherical  curvature. 
It  is  often  possible  to  wear  glasses  so 
ground  as  to  correct  this  defect. 

The  common  test  for  astigmatism 
is  to  use  a  chart,  such  as  is  shown 
opposite,  and  note  whether  all  the 
sets  of  parallel  lines  are  seen  with 
the  same  degree  of  distinctness.  If 
any  of  them  look  blurred  and  gray, 
a  more  complete  test  should  be  made 
by  an  oculist. 

Care  of  the  eyes.  Nature  has 
done  her  best  to  protect  our  eyes. 
They  are  set  within  a  deep,  bony 
socket  so  as  to  avoid  injury  from 
blows.  This  socket  is  lined  with  fat 
and  with  a  smooth  tissue  so  that  the 
eye  turns  readily  in  its  socket.  Mus¬ 
cles  that  are  attached  to  the  eye  are 
provided  so  that  the  eye  may  be 
moved  in  various  directions.  The  pu¬ 
pil  contracts,  protecting  the  retina 
from  too  intense  light.  An  eyelid 
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If  any  of  the  lines  on  this  chart  are  blurred,  your  eyes  need  attention 


closes  over  the  eye  in  case  of  danger 
and  to  keep  out  light  while  we  sleep. 
Eyebrows  and  lashes  drain  off  per¬ 
spiration  so  that  it  does  not  fall  into 
the  eyes.  The  tear  glands  secrete  a 
liquid  to  wash  the  surface  of  the 
eye,  keeping  it  clean  and  moist. 
Tears  also  kill  bacteria ;  they  are  an¬ 
tiseptic.  Nature  has  done  her  part 
well  for  us. 

For  your  part,  never  read  in  a  dim 
light  nor  in  a  light  that  is  too  bright 
and  glaring.  The  light  should  fall  on 
the  book,  not  on  the  eyes.  An  eye 
shade  sometimes  helps;  but  in  gen¬ 
eral  you  should  not  face  the  light 
while  reading.  Try  out  the  positions 


of  light  and  book  until  you  secure 
good,  even  light  without  a  glare.  In 
writing,  the  light  should  usually 
come  from  over  the  left  shoulder  so 
that  the  shadow  of  the  hand  and  pen¬ 
cil  may  not  be  inconvenient  as  you 
work.  About  thirteen  inches  is  the 
normal  distance  from  book  to  eye.  If 
you  find  that  you  naturally  use  a 
much  longer  or  shorter  distance,  you 
should  see  the  oculist,  the  doctor 
who  specializes  on  eyes. 

Avoid  too  close  use  of  your  eyes 
under  unfavorable  conditions.  Use 
glasses  whenever  necessary.  Never 
overtire  the  eyes.  Stop  reading  every 
little  while  and  rest  the  eyes  by  shut- 
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ting  them  or  looking  off  at  a  distance. 
If  you  read  lying  down,  prop  up  the 
head  and  hold  up  the  book  squarely 
in  front  of  the  eyes  so  that  they  are 
not  under  continued  strain  of  look¬ 
ing  down.  It  is  much  better  to  sit  up 
when  you  read. 

There  are  certain  practices  that 
you  should  avoid.  At  a  motion-pic¬ 
ture  show,  the  closer  one  sits  to  the 
screen,  the  greater  the  strain  upon 
the  eyes.  Sit  far  enough  back  to 
avoid  straining  your  eyes.  Test  your¬ 
self  carefully  to  find  out  what  dis¬ 
tance  is  easiest  for  you.  Do  not  make 
a  practice  of  reading  on  trains  and 
trolleys.  The  constant  jar  of  the  train 
shakes  the  book  slightly  and  makes 
a  strain  upon  the  eyes  muscles  that 
is  very  tiring.  Do  not  read  in  a  flick¬ 
ering  light.  Do  not  rub  your  eyes 
with  your  fingers.  Fingers  are  rarely 
clean  and  may  cause  an  infection. 
If  your  eyes  are  irritated,  a  solu¬ 
tion  of  boracic  acid,  or  ordinary 
salt  water,  applied  with  the  aid  of  a 
medicine  dropper  will  wash  dust 
from  the  eyes  and  refresh  them,  and 
is  mildly  antiseptic.  Usually,  how¬ 
ever,  the  tears  provided  by  nature 
are  sufficiently  soothing.  The  irri¬ 
tated  eye  is  generally  relieved  by 
closing  it  for  a  while.  Swimming 
pools  may  convey  disease  to  eyes  and 
skin  as  well  as  to  air  passages  and 
digestive  tract.  It  is  well  to  learn  how 
the  water  in  a  pool  is  disinfected  be¬ 
fore  using  the  pool. 

If  your  eyes  are  uncomfortable  in 
bright  sunlight,  shade  them  with  a 
hat.  A  baby’s  eyes  are  very  sensitive 


to  light  and  may  be  permanently  in¬ 
jured  by  too  bright  sunlight.  When 
the  baby  is  in  the  sunlight,  shade  his 
eyes;  if  he  is  in  his  carriage,  turn 
the  carriage  so  that  the  baby  does  not 
look  into  the  sun,  or  shade  his  face 
with  the  carriage  top.  Turn  your  bed 
so  that  the  bright  morning  light  does 
not  fall  on  your  eyes  either  before 
you  are  awake  or  afterward.  At  the 
seashore  you  may  find  that  dark 
glasses  are  the  only  means  of  com¬ 
fort  on  the  bright  sand.  Many  motor¬ 
ists  also  wear  dark  glasses  to  protect 
their  eyes  from  the  glare  of  the  road. 

Experiment  86  (Optional) 

Question:  How  can  I  make  a  pinhole 
camera? 

Remove  both  ends  from  a  cereal  box. 
Over  one  end  paste  tin  foil  or  black  pa¬ 
per.  Over  the  other  end  paste  wax  pa¬ 
per.  With  a  sharp  needle  prick  a  tiny 
hole  in  the  middle  of  the  tin  foil.  Turn 
the  camera  toward  a  lighted  object  and 
look  at  the  wax  paper  for  the  image.  It 
may  be  necessary  to  cover  your  head 
and  the  rear  portion  of  the  camera  with 
a  dark  cloth  to  see  the  image  distinctly. 
With  proper  precautions  such  a  crude 
camera  will  take  a  picture  on  a  photo¬ 
graphic  plate. 

Experiment  87  (Optional) 

Question:  How  does  the  image  ap¬ 
pear  in  a  camera? 

Focus  the  image  sharply  on  the 
ground  glass  of  a  plate  camera.  You 
may  use  a  small  hand  camera  by  remov¬ 
ing  the  back  and  replacing  it  with 
ground  glass  or  a  piece  of  wax  paper 
held  on  by  rubber  bands.  Is  the  image 
erect  or  inverted?  What  are  the  posi¬ 
tions  of  the  lens  for  focusing  on  a  near 
object  and  on  a  far  object? 
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Experiment  88 

Question:  How  does  light  print  a  pic¬ 
ture? 

Materials:  A  little  silver  nitrate  (J 
ounce)  ;  small  flat  dish;  beaker  of  wa¬ 
ter;  an  ounce  of  common  salt;  several 
pieces  of  paper  about  2  inches  square. 

Directions:  Put  the  silver  nitrate  in 
the  dish  and  add  about  2  tablespoonfuls 
of  water.  (This  solution  will  stain  fin¬ 
gers  and  clothes.)  Put  the  salt  in  the 
beaker  of  water.  Soak  the  paper  in  the 
salt  solution.  Drain  the  paper  and  lay  in 
the  silver  nitrate  solution  until  covered 
with  a  thick  white  film.  Lay  the  paper 
in  the  sunlight  and  immediately  cover 
with  an  object  such  as  a  button.  Watch. 

Results:  State  what  happens  in  the 
sunlight. 


Conclusion:  Compounds  of  what 
metal  are  easily  affected  by  sunlight? 
What  kind  of  energy  brought  about  the 
change  in  the  solution? 

Experiment  89  (Optional) 

Question:  Tell  how  blue  prints  are 
made. 

Light  changes  certain  compounds  of 
iron  so  that  they  may  be  used  in  pho¬ 
tography.  Blue  prints,  used  extensively 
in  shop  drawings  and  elsewhere,  are  pro¬ 
duced  by  such  action.  Secure  blue-print 
paper,  lay  on  it  a  leaf  or  a  photographic 
negative,  weight  it  down  with  a  piece  of 
glass.  Expose  to  the  sunlight  for  a  few 
seconds.  Then  wash  in  water.  The  parts 
on  which  the  sunlight  acted  changed  to  a 
deep  blue,  while  the  unexposed  parts 
wash  out  to  a  pure  white. 


Questions  to  Think  Out  and  to  Investigate 


1.  If  a  ball  were  perfectly  transpar¬ 
ent,  what  would  it  look  like? 

2.  You  can  look  at  the  image  of  the 
sun  in  water  at  noon,  but  in  the  late 
afternoon  it  is  too  dazzling.  Why  should 
it  be  more  dazzling  when  there  is  less 
light? 

3.  Why  does  the  sun  give  less  light 
in  the  later  afternoon  than  at  noon? 

4.  It  is  said  that  we  can  see  the  sun 
after  it  is  really  below  the  horizon. 
Why? 

5.  Bifocal  lenses  are  made  with  two 
lenses  for  each  eye,  a  wide  lens  and  a 
smaller  additional  lens.  What  is  the  pur¬ 
pose  of  each  lens?  Which  one  is 
“stronger”? 

6.  Paint  a  wide  strip  of  white  paint 
across  the  middle  of  a  mirror  or  paste  a 


strip  of  dead-white  paper.  Go  into  a 
darkened  room  and  with  the  mirror  re¬ 
flect  a  beam  of  sunlight  on  a  white  wall. 
Describe  and  explain  the  effect  on  the 
wall. 

7.  Arrange  two  mirrors  so  that  you 
can  see  over  a  wall.  This  is  a  crude  peri¬ 
scope.  Explain  it  to  the  class.  Try  to  im¬ 
prove  it  by  means  of  a  cardboard  tube. 

8.  Consult  a  textbook  on  physics  to 
learn  the  principle  of  the  range  finder 
used  with  a  camera  to  enable  one  to 
measure  the  distance  to  an  object. 

9.  Why  are  two  eyes  better  than 
one?  Close  one  eye.  Have  a  classmate 
hold  up  a  finger  within  your  reach. 
With  a  slow  side  swing  try  to  touch  the 
tip  of  your  classmate’s  finger  with  the 
tip  of  yours. 


Chapter  Thirty 

Seeing  Things  through  Lenses 


Seeing  tiny  things.  If  you  want 
a  good  look  at  a  tiny  bug,  you  use  a 
magnifier .  This  is  a  simple  convex  or 
converging  lens.  The  figure  below 
will  show  you  the  principle  upon 
which  this  depends.  Reading  glasses 
are  examples  of  such  simple  mag¬ 
nifiers. 

To  see  a  very  tiny  bug  we  use  a 
“thicker”  magnifier.  By  increasing 
the  curvature  of  the  simple  lens  used 
in  the  magnifying  glass,  we  increase 
its  magnifying  powers.  There  is  a 
practical  limit  to  this,  however,  for 
the  greater  the  curvature,  the  smaller 
the  lens.  The  smaller  the  lens,  the 
smaller  the  area  we  can  see  through 
it,  and  the  more  difficult  it  is  to 
handle. 

To  see  a  bacterium,  we  used  a 
compound  microscope.  Here  a  small 
lens  called  the  object  lens ,  shown  in 
diagram  below,  produces  a  magni¬ 
fied  [real]  image.  A  second  lens 
called  the  eyepiece  forms  an  en¬ 
larged  [virtual]  image  of  the  first 
image.  The  two  magnifications  make 
it  possible  to  see  very  small  objects. 
The  mirror  is  placed  under  the 
microscope  to  throw  a  beam  of  light 


through  the  object  and  the  system  of 
lenses. 

Seeing  distant  things.  To  see  a 
distant  star,  a  large  number  of  light 
rays  are  collected  by  a  large  object 
lens  or  objective.  The  objective  forms 
an  image  of  the  distant  body  at  A 
and  the  eyepiece  magnifies  this  im¬ 
age  and  forms  an  enlarged  second 
image  at  B  as  shown  on  the  facing 
page.  The  great  telescope  at  the 
Yerkes  Observatory  in  Wisconsin 
has  an  objective  40  inches  in  diame¬ 
ter  mounted  in  a  tube  63  feet  long. 
The  100-inch  telescope  at  the  Mount 
Wilson  Observatory,  California, 
uses  a  concave  mirror  instead  of  an 
objective  lens  to  collect  the  rays  of 
light  from  the  distant  heavenly 
bodies. 

The  image  seen  in  the  telescope 
used  by  the  astronomers  is  inverted. 
For  terrestrial  use  for  seeing  objects 
on  the  earth,  as  in  the  spyglass,  an- 


A  compound  micro¬ 
scope  is  shown  at 
the  right 


Why  a  lens  magnifies.  How 
does  this  convex  lens 
change  the  rays?  Why  do 
we  see  the  object  larger 
than  it  is? 
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Spyglass  or  terrestial  telescope.  Why  is  there  one  more  lens  than  in  the 
telescope  below? 


other  lens  is  added  to  invert  again 
the  inverted  image  and  thus  give  us 
an  erect  image. 

In  all  these  optical  instruments,  it 
is  necessary  to  make  some  provision 
for  focusing,  that  is,  making  the  im¬ 
age  sharp  and  clear.  This  is  usually 
done  by  providing  the  eyepiece  with 
a  device  by  which  it  can  be  moved  to 
and  fro,  so  that  the  distance  between 
eyepiece  and  objective  can  vary, 
depending  upon  the  distance  of  the 
object.  See  pages  232  and  233. 

How  pictures  are  shown  on  a 
screen.  You  have  probably  seen  a 
large  picture  thrown  on  the  screen 
by  the  use  of  a  projection  lantern. 
The  source  of  the  light  used  may  be 
a  carbon  arc  lamp  or  a  powerful  in¬ 
candescent  lamp.  The  light  is  sent 
through  two  lenses  which  direct  the 
light  through  the  slides  in  parallel 
rays.  The  slide  is  always  put  in  in¬ 
verted  to  reverse  the  inversion 
caused  by  the  objective.  To  focus  the 
image  on  the  screen,  the  extension 

How  an  astronomical  telescope  magni¬ 
fies.  A  projection  lantern.  Follow  the 
rays  of  light  through  the  lenses 

B 

ENLARGED 

A  IMAGE 


bellows  carrying  the  objective  is 
moved  back  and  forth. 

Seeing  things  that  are  gone.  A 
flash  of  lightning  lasts  about  five 
millionths  of  a  second,  as  measured 
by  an  electrical  device.  To  the  eye 
it  seems  that  the  flash  lasts  much 
longer.  That  is  because  the  effect  of 
the  flash  lasts  in  the  retina  of  the  eye 
or  the  brain  long  after  the  lightning 
bolt  has  disappeared.  This  duration 
of  vision  persists  from  about  ^  to 

of  a  second  after  the  light  stimu¬ 
lation  has  stopped. 

The  next  time  you  gaze  at  a  red 
neon  advertising  sign  you  will  see 
an  excellent  example  of  this  per¬ 
sistence  of  vision.  The  red  light  given 
off  by  the  lamp  really  goes  on  and 
off  several  thousand  times  a  second. 
Your  eyes  do  not  detect  this  because 
during  the  very  small  fraction  of  a 
second  that  the  lamp  is  dark,  the  eye 
still  sees  the  red  flash  that  occurred 
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Binoculars  and  a  diagram  showing 
how  they  are  made.  What  is  the  ad¬ 
vantage  of  the  prisms? 


less  than  a  thousandth  of  a  second 
before.  The  bright  red  flashes  persist 
and  blend  with  one  another,  giv¬ 
ing  us  the  impression  of  a  steady 
light. 

When  you  look  at  a  carriage  wheel 
that  is  turning  slowly,  you  see  each 
spoke  of  the  wheel  plainly.  If  you 
spin  the  wheel  faster,  you  cannot  see 
the  number  of  spokes,  but  you  see 
the  wheel  as  a  more  or  less  solid 
mass.  Each  spoke  lingers  in  your 
eye  for  a  fraction  of  a  second  after 
it  has  passed  along  to  another  posi¬ 
tion.  This  after  image  blends  in  with 
the  image  of  the  next  spoke. 

Motion  pictures.  The  amateur 
motion-picture  camera  is  like  an  or¬ 
dinary  camera  except  that  the  pic¬ 
tures  are  automatically  taken  at  the 


rate  of  16  a  second.  A  picture  of  a 
baseball  player  sliding  to  first  base 
is  taken  by  the  camera  as  a  series  of 
rapid  pictures,  each  exposed  for 
n  ofa  second,  and  each  shows  him 
a  little  nearer  to  first  base. 

When  this  film  is  put  into  a  motion- 
picture  projector  in  action,  we  see 
“motion  pictures.”  The  pictures  do 
not  really  move.  The  motion-picture 
projector  is  a  type  of  projection  lan¬ 
tern  in  which  the  pictures  are  flashed 
on  the  screen  very  rapidly,  at  the  rate 
of  16  a  second.  After  one  picture  of 
the  film  has  been  flashed  for  of  a 
second  a  revolving  shutter  darkens 
the  screen  while  the  next  picture  of 
the  film  is  moved  into  place.  The  eye 
does  not  see  the  dark  intervals  be¬ 
cause  of  the  persistence  of  vision. 
The  picture  that  is  flashed  on  the 
screen  lingers  in  the  eye  until  the 
next  one  is  flashed.  Thus  the  pictures 
of  the  baseball  player,  showing  him 
getting  nearer  to  first  base,  fade  into 
each  other.  To  the  eye,  this  appears 
like  continuous  motion. 

Experiment  90 

Question:  How  do  convex  lenses  af¬ 
fect  rays  of  light? 

Materials:  A  convex  lens,  preferably 
one  having  a  focal  length  of  about  6 
inches;  a  bright  light;  a  rule;  talcum 
powder  or  chalk  dust. 

Directions:  (a)  Hold  the  lens  in  a 
beam  of  sunlight.  With  the  lens  focus 
the  beam  of  light  (move  the  lens  back 
and  forth)  on  a  sheet  of  white  paper, 
until  the  light  seems  to  form  a  point. 
The  point  is  called  the  principal  focus 
of  the  lens.  Then  have  someone  scatter 
the  talcum  powder  or  chalk  dust  on  the 
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beam  of  light  before  it  enters  the  lens 
and  after  it  leaves  the  lens.  1.  How  does 
the  lens  change  the  rays  of  light?  Draw 
a  diagram.  2.  Measure  the  distance  from 
the  lens  to  the  principal  focus.  This  dis¬ 
tance  is  called  the  focal  length  of  the 
lens.  Mark  it  on  the  diagram. 

( b )  Use  a  wall  opposite  a  brightly 
lighted  window  as  a  screen  to  receive 
the  image.  Hold  the  lens  in  your  hand 
and  focus  by  moving  it  toward  or  away 
from  the  wall  until  you  see  on  the  wall 
an  image  of  the  window.  You  will  no¬ 
tice  that  only  when  the  lens  is  in  one 
particular  spot  is  this  imagine  clear  and 
distinct.  1.  What  must  the  lens  have 
done  to  the  light  rays  coming  from  the 
window?  2.  Is  the  image  on  the  wall 
erect  or  inverted?  Is  it  larger  or  smaller 
than  the  object  (the  window)  ?  Draw 
a  diagram. 

(c)  Darken  the  room.  Place  a  bright 
light  about  6  feet  from  the  wall  you  are 
using  as  a  screen.  Place  the  lens  be¬ 
tween  the  light  and  the  wall  and  move 
it  back  and  forth  until  you  get  a  sharp 
image.  Move  the  light  nearer  the  wall, 
and  farther  from  the  wall,  and  focus  the 
image  on  the  wall.  Note  in  each  case  the 
distance  from  lens  to  image.  Put  your 
results  in  a  table  such  as  the  one  at  the 
bottom  of  the  page. 

( d )  Look  at  the  page  of  a  book 
through  the  lens.  Move  the  lens  closer  to 
and  farther  away  from  the  book  until 
you  see  a  clear,  enlarged  image  of  the 
printed  words. 

Conclusion:  As  the  light  approached 
the  lens,  what  happened  to  the  image? 
The  image  (approached,  went  farther 
from)  the  lens.  The  image  became 


Distance  of  light  from  lens  (in 

inches)  . 

Distance  of  image  from  lens  (in 
inches)  . 


The  von  Trotts 


Opera  glasses.  How  do  the  lenses 
change  the  rays?  How  do  opera 
glasses  differ  from  field  glasses? 


(larger,  smaller).  Why  are  the  lenses 
on  the  best  cameras  mounted  so  that  the 
distance  between  the  lens  and  the  film 
sensitive  to  light  can  be  altered?  An¬ 
swer  the  question  of  the  experiment. 

Practical  application:  Lenses  are  used 
in  cameras,  in  microscopes  and  tele¬ 
scopes,  in  eyeglasses,  and  in  many  opti¬ 
cal  instruments.  If  the  lens  used  is  a 
convex  one,  in  every  case  it  is  used  be¬ 
cause  it  draws  together  (converges)  the 
rays  of  light.  There  must  always  be  a 
certain  relationship  between  the  dis¬ 
tance  of  object  and  image  from  the  lens 
if  we  are  to  get  a  clear  image.  In  cam¬ 
eras  in  which  the  lens  does  not  move,  it 

First  Second  Third 

Position  Position  Position 
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is  fixed  at  such  a  distance  from  the  film 
that  all  objects  (except  those  that  are 
within  a  few  feet  of  the  camera)  are  in  '< 
focus  or  very  nearly  in  focus.  The  blur-  ■ 
ring  of  the  image  is  so  slight  that  we  do 
not  notice  it.  If  such  cameras,  however, 
are  used  to  take  pictures  of  very  near 
obj  ects,  this  blurring  becomes  so  great  I 
that  the  picture  is  useless. 

Experiment  91 

Question:  How  do  concave  lenses  af-  | 
feet  rays  of  light? 

Materials:  A  concave  lens  having  a  < 
focal  length  of  about  6  inches;  a  bright  I 
light.  ^  || 

Directions:  (a)  Use  a  wall  opposite  a  f 
brightly  lighted  window  as  a  screen. 
Hold  the  lens  in  your  hand  and  learn 
whether  you  can  focus  an  image  on  the  f 
wall.  Look  at  the  window  through  the  | 
lens.  What  kind  of  image  do  you  see? 

(b)  Place  the  light  6  feet  from  the 
wall  and  try  to  get  an  image  on  the  wall 
by  moving  the  lens  toward  and  away  \ 
from  the  wall.  1.  Can  you  get  a  real  im¬ 
age  on  the  wall?  2.  What  is  the  lens  do-  | 
ing  to  the  light  rays? 

(c)  Hold  the  lens  over  the  page  of  a 
book.  Move  the  lens  up  and  down,  at  < 
the  same  time  looking  through  it  at  the 
printed  matter.  What  do  you  see? 

Diagram:  Show  the  lens  scattering 
rays  of  light.  ! 

Conclusion:  Answer  the  question.  ; 
Will  a  concave  lens  throw  an  image  on 
the  screen? 

Practical  application:  Concave  lenses 
scatter  or  diverge  light.  They  are  used  in 
eyeglasses,  in  reducing  lenses  by  artists 
to  make  an  object  seem  smaller,  in  opera 
glasses,  and  other  optical  instruments. 

A  section  of  motion  picture  film  rep¬ 
resenting  less  than  one  half  second 
of  action.  The  shaded  bands  are  the 
sound  track,  described  on  page  291 

Paramount  Pictures,  Inc. 
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Experiment  92  (Optional) 

Question:  How  would  you  make  a 
microscope  and  a  telescope? 

Get  a  lens  having  a  focal  length  of 
about  3  cm.  for  the  objective  (lens  near¬ 
est  the  object),  and  one  having  a  focal 
length  of  15  cm.  or  less  for  the  ocular 
(eyepiece).  Support  the  lenses  about  15 
to  20  cm.  apart.  The  object  to  be  mag¬ 
nified  should  be  about  4  cm.  beyond  the 
objective.  Focus  with  the  ocular  until 
the  image  is  sharp. 

To  make  an  astronomical  telescope 
use  similar  lenses  and  turn  your  instru¬ 
ment  upon  a  distant  object.  Focus  with 

Questions  to 

If  you  cannot  think  out  these  ques¬ 
tions,  read  Chapter  Thirty-one,  and  then 
try  again. 

1.  If  you  look  at  oil  floating  on  wa¬ 
ter,  the  colors  change  as  you  change 
position.  Why? 

2.  Why  is  snow  white,  but  a  block 
of  ice  transparent?  Why  is  fog  white? 

3.  Account  for  the  colors  of  the  sun¬ 
set. 

4.  Why  does  the  laundress  use  blu¬ 
ing?  Devise  an  experiment  to  learn  if 
its  use  is  justified. 

5.  Why  does  a  blue  suit  often  look 
black  by  artificial  light? 

6.  When  a  whistling  locomotive 
passes  you,  the  whistle  changes  to  a 
lower  pitch.  Light  shows  a  similar  ef¬ 
fect,  called  a  Doppler  effect.  How  does 
it  change  light?  Try  to  figure  it  out  from 
the  facts  on  page  237.  If  after  an  honest 
effort  you  cannot  figure  it  out,  turn  to 
page  542,  and  do  some  more  thinking. 

7.  Here  is  another  hard  one.  Why  is 
the  sky  blue?  Think  it  out  this  way:  If 


the  eyepiece.  You  will  notice  that  in  the 
astronomical  telescope  the  image  is  in¬ 
verted. 

To  make  a  telescope  for  objects  on 
the  earth,  get  three  lenses  having  focal 
lengths  of  15,  4,  and  4  cm.  Set  up  the 
first  of  these,  and  about  23  cm.  from  it 
set  up  one  of  the  other  lenses.  This  is  the 
inverting  or  correcting  lens.  About  11 
cm.  beyond  this  lens  set  the  third  lens 
or  eyepiece.  Turn  the  telescope  upon  a 
distant  object  and  focus  with  the  eye¬ 
piece.  You  will  notice  that  in  the  terres¬ 
trial  telescope  the  image  is  right  side 
up. 

Think  Out 

you  see  blue,  what  wave  lengths  are 
reaching  your  eyes?  If  you  do  not 
know,  see  pages  237-239.  If  you  see 
white,  what  wave  lengths  are  reaching 
your  eyes?  As  you  look  up  toward  the 
“sky,”  is  there  anything  “up  there”  to 
send  the  blue  wave  lengths  to  your  eyes 
but  not  the  wave  lengths  that  make  white 
light?  If  you  cannot  think  it  out,  con¬ 
sult  a  textbook  on  physics. 

8.  The  stratosphere  fliers  found  that 
the  sky  darkened  as  they  rose  to  great 
heights.  This  is  in  agreement  with  the¬ 
ory.  At  very  great  heights  the  sky  would 
seem  black  overhead,  if  you  did  not 
look  at  the  sun.  Why? 

9.  Why  is  the  sun  red  through  smoke 
or  fog?  Here  are  the  steps  in  reaching 
an  answer:  What  wave  lengths  reach 
your  eyes  when  you  see  red  light?  What 
wave  lengths  make  up  the  visible  sun¬ 
light?  What  must  happen  to  sunlight  to 
make  it  appear  red?  Is  there  anything 
in  smoke  or  fog  to  change  the  sunlight 
in  this  manner? 


Chapter  Thirty-one 

Color 


What  colored  light  is.  White 
light  is  really  a  mixture  of  all  the 
colors  of  the  rainbow.  Sir  Isaac  New¬ 
ton  was  the  first  to  show  this.  He 
passed  a  narrow  beam  of  light 
through  a  prism  and  found  that  the 
prism  not  only  bends  (refracts)  the 
light,  but  that  it  separates  (dis¬ 
perses)  it,  so  that  the  narrow  beam 
of  light  appears  on  a  screen  as  a 
band.  This  band  is  composed  of  the 
colors  of  the  rainbow;  it  is  called  a 
spectrum .  If  instead  of  throwing  the 
dispersed  rays  of  the  spectrum  upon 
a  screen,  you  pass  them  through  a 
second  prism  so  as  to  bring  the  band 
of  colored  light  back  to  its  original 
size,  you  will  obtain  the  original 
white  light. 

You  have  probably  seen  spectra 
outside  the  laboratory.  Pieces  of 
glass  shaped  like  a  prism  are  some¬ 
times  hung  in  windows  where  the 
sunlight  will  fall  on  them,  and  the 
colored  bands  of  light  appear  on  the 
wall.  Borrow  a  prism  and  look 
through  it  at  a  window  frame  and  the 
sky  beyond.  You  will  notice  that  the 
edge  of  the  window  frame  appears 
to  have  a  narrow  fringe  of  color 
about  it. 

We  believe  that  each  color  of  the 
spectrum  is  caused  by  a  distinct 
wave  length.  That  is,  a  wave  length 
of  700  millionths  of  a  millimeter 
produces  a  red  light,  a  wave  length 

fir  Union  Pacific  Railroad 


of  600  millionths  of  a  millimeter 
will  produce  orange  light  and  a 
wave  length  of  400  millionths  of  a 
millimeter  will  produce  violet  light. 
We  usually  drop  the  phrase  “mil¬ 
lionths  of  a  millimeter”  and  speak 
of  a  wave  length  of  700. 

Why  the  rose  is  red.  A  red  rose 
in  one  sense  is  all  colors  of  the  rain¬ 
bow  except  red.  The  rose  is  red  be¬ 
cause  when  white  light,  which  is  a 
mixture  of  all  wave  lengths  between 
the  limits  of  visible  light  (400  to 
700),  falls  on  it,  the  rose  absorbs 
all  of  the  various  wave  lengths  ex¬ 
cept  the  particular  wave  length  that 
corresponds  to  red  light.  This  it  re¬ 
flects  to  your  eye.  Since  this  red  light 
is  the  only  light  that  enters  your  eye, 
you  see  the  rose  as  red.  If  the  red 
rose  is  put  in  a  green  light,  which 
contains  no  red  wave  lengths,  the 
rose  will  be  unable  to  reflect  any 
light,  since  it  can  reflect  only  red 
light,  and  no  red  light  falls  upon  it. 


The  prism  bends  the  rays  and  pro¬ 
duces  the  spectrum.  These  colors 
form  the  spectrum  of  sunlight 
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The  value  of  color  is  shown  by  col¬ 
ored  lights  and  the  painted  standard 
of  this  warning.  Orange  and  red  are 
often  used  because  of  their  high  visi¬ 
bility 

Then  it  will  reflect  nothing  and  will 
be  black. 


The  apparent  color  of  an  object, 
then,  depends  not  only  on  the  subject, 
but  on  the  light  that  falls  on  the  ob¬ 
ject.  This  explains  why  colors  that 
match  perfectly  in  the  daylight  may 
be  very  far  from  matching  when 
looked  at  under  an  electric  light.  If 
you  match  two  blue-green  ribbons  by 
daylight,  they  may  seem  to  the  eye  to 
be  a  perfect  match  and  yet  may 
really  be  made  up  from  quite  dif¬ 
ferent  color  combinations.  If  these 
two  ribbons  are  viewed  under  an 
electric  light,  which  is  very  rich  in 
red  and  yellow  and  is  deficient  in 
blue,  the  two  ribbons  may  no  longer 
reflect  the  same  kind  of  light.  One 
may  appear  blue  and  the  other 
green.  Colors  must  always  be 
matched  in  the  light  in  which  they 
will  be  used. 

Most  colors  as  we  see  them  in  na¬ 
ture  are  not  pure.  That  is,  they  really 
are  made  up  of  several  colors  mixed 
together.  An  orange  marigold  seems 
to  the  eye  to  reflect  nothing  but 
orange,  but  in  addition  it  reflects 
some  red,  yellow,  and  green. 

It  is  a  very  interesting  experi¬ 
ment  to  throw  a  bright  spectrum  on 
the  wall  and  then  hold  colored  rib¬ 
bons  in  the  various  colors.  From  the 
results  you  can  tell  a  good  deal  about 
what  colors  the  ribbons  are  really 
reflecting. 

One-color  light.  A  few  bodies 
when  heated  shine  with  a  light  of  one 
color  only  (monochromatic  light). 
Soak  an  asbestos  string  in  a  solution 
of  washing  soda  (sodium  carbonate) 
and  hang  it  in  a  colorless  Bunsen 
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burner  flame.  An  intense  yellow  light 
will  be  given  out.  Darken  the  room 
and  hold  a  colored  picture  in  this 
light.  If  you  will  recall  the  para¬ 
graph  on  the  red  rose,  you  can  ex¬ 
plain  what  you  see. 

The  rainbow.  In  the  diagram 
above,  S  represents  a  ray  of  white 
light  coming  from  the  sun,  low  on 
the  horizon.  To  the  east  rain  is  fall¬ 
ing.  One  of  the  raindrops,  enlarged, 
is  shown  by  the  circle. 

As  the  white  light  enters  the  drop 
at  A,  it  is  refracted  and  dispersed 
(scattered) .  When  it  reaches  the  back 
of  the  drop,  it  is  reflected,  and  it  is 
again  refracted  as  it  leaves  the  drop 
at  B.  The  white  light  is  dispersed 
and  forms  the  spectrum  V/-R\  If 
your  eye  is  at  V'  and  you  look  along 
the  ray,  you  will  see  at  B  a  violet 
light  from  this  raindrop.  Drops 
above  this  one  will  send  other  colors 
to  your  eye,  and  you  will  see  the 
rainbow. 

Color  blindness.  Certain  per¬ 
sons  cannot  be  trusted  to  pick  straw¬ 
berries  because  they  cannot  tell  red 
berries  from  green.  It  is  said  that  the 
poet  Whittier  once  put  a  red  patch 
on  a  green  wall  paper,  for  both 
looked  alike  to  him.  We  say  that 


such  persons  are  color-blind.  Color 
blindness  may  be  a  serious  handicap. 
Railroad  and  steamship  employees 
are  tested  for  color  blindness.  Traf¬ 
fic  engineers  are  now  discussing  the 
substitution  of  other  signals  for  col¬ 
ored  lights  on  the  highways,  for  one 
man  in  every  twenty  is  color-blind 
to  some  extent  and  one  woman  in  two 
hundred. 

Colored  book  pictures.  Have 

you  wondered  how  the  colored  plates 
in  this  book  were  made?  Look  at  the 
pictures  on  pages  242  and  243.  First 
the  paper  was  run  through  a  press 
that  printed  with  yellow  ink.  Then 
it  went  through  a  press  that  used  red 
ink  and  finally  through  one  that 
printed  blue  ink.  These  three  colors 
in  various  combinations  make  pic¬ 
tures  of  all  colors. 

Sunshine  and  health.  You  are 
sunburned  chiefly  by  rays  which  you 
cannot  see.  Beyond  the  wave  lengths 
that  cause  visible  violet  light,  there 
are  wave  lengths  which  do  not  affect 
the  retina  in  the  ordinary  way,  and 
hence  are  invisible,  but  which  have 
an  intense  chemical  activity.  These 

Sunshine  brings  health  to  plants  and 
people 
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Travelers  in  the  tropics  wear  light-colored  clothing  and  sun  hats  to  protect 
them  from  the  rays  of  the  sun.  Too  long  exposure  to  brilliant  sunlight  may 
be  harmful 


we  call  ultra-violet  rays.  A  moder¬ 
ate  exposure  of  the  body  to  their 
action  is  healthful.  We  must  be 
careful,  however,  not  to  carry  the 
exposure  too  far.  Continued  chemi¬ 
cal  action  of  these  ultra-violet  rays 
on  our  skins  may  cause  such  a  deep 
burn  as  to  be  painful  or  even  danger¬ 
ous.  In  the  same  way,  exposure  to 
sunlight  may  bring  about  a  sun¬ 
stroke.  Clothing  serves  to  protect  our 
bodies  from  these  rays.  In  India  and 
other  tropical  countries,  white  per¬ 
sons  find  it  necessary  to  protect 
themselves  from  the  intense  action 
of  the  sun’s  rays. 

One  of  the  reasons  why  we  like  to 
live  in  the  country  is  that  sunlight 
reaches  us  without  having  to  pass 
through  the  smoke  and  dirt  of  the 
city  air.  People  who  live  in  the  open 


air  receive  more  of  these  healthful 
rays  than  do  the  city  office  workers. 
Ordinary  glass,  which  is  transparent 
to  light  waves,  shuts  out  ultra-violet 
rays  or  most  of  them.  If,  therefore, 
you  are  recovering  from  a  cold  and 
the  doctor  tells  you  to  sit  in  the  sun¬ 
light,  sit  in  front  of  an  open,  not  in 
front  of  a  closed,  window.  Hospitals 
sometimes  have  a  room  fitted  with 
windowpanes  of  quartz  (rock  crys¬ 
tal)  or  certain  other  substitutes  for 
glass  that  allow  the  ultra-violet  rays 
to  pass  through.  Even  chicken  houses 
are  sometimes  fitted  with  glass  sub¬ 
stitutes  to  keep  the  hens  in  health  and 
vigor.  Certain  types  of  glass  transmit 
some  of  the  ultra-violet  rays. 

To  help  city  dwellers  get  the  sun¬ 
light  that  is  so  healthful,  several  of 
the  electric  companies  are  manufac- 
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Painted  lane  markings,  sharply  con¬ 
trasting  road  signs,  glowing  route 
numbers,  and  colored  lights  all  tes¬ 
tify  to  the  importance  of  color  and 
its  universal  appeal 
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taring  lamps  that  generate  large 
quantities  of  ultra-violet  rays.  These 
lamps  may  serve  a  very  useful 
purpose,  but  their  use  should  be  at¬ 
tended  with  some  care.  They  should 
be  used  only  under  the  doctor’s  di¬ 
rections.  Remember  that  if  you  fall 
asleep  while  the  lamp  is  acting  on 
your  skin,  and  wake  up  an  hour  later, 
you  will  have  developed  a  painful 
case  of  sunburn. 

You  certainly  would  not  be  fool¬ 
ish  enough  to  look  directly  at  the 
sun.  If  you  did,  your  eyes  would  re¬ 
ceive  so  much  energy  that  they  might 
easily  be  permanently  injured.  Re¬ 
member  this  in  using  ultra-violet  ray 
lamps.  You  do  not  see  these  radia¬ 
tions,  but  they  exist,  and  if  you  gaze 
at  the  lamp  for  some  time,  your  eyes 
will  be  injured. 


Another  value  of  sunlight  is  that 
it  kills  most  disease  germs.  Such 
germs  as  those  that  cause  tubercu¬ 
losis  prefer  to  live  in  dark,  damp 
places.  If  you  expose  them  to  clear, 


dry  sunlight,  they  die.  If  you  are 
planning  to  build  a  new  home,  re¬ 
member  that  there  are  certain  rooms 
that  need  much  sunlight.  Your  living 
room,  your  kitchen,  and  the  chil¬ 
dren’s  rooms  are  all  rooms  that  will 
be  much  used  in  daytime,  and  these 
are  the  rooms  that  should  be  on  the 
healthful  or  sunny  side  of  the  house. 

Experiment  93 

Question:  What  colors  are  in  sun¬ 
light? 

Materials:  A  glass  prism;  a  white 


screen. 
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Directions:  Hold  the  prism  in  a  beam 
of  sunlight  so  that  the  rays  are  thrown 
on  a  white  screen  or  on  the  opposite 

wall. 

Results:  Draw  a  diagram  of  the  spec¬ 
trum  as  it  appears  on  the  screen.  Name 
the  colors  in  order  or  color  them  with 
crayon. 

Conclusion:  Answer  the  question. 
Experiment  94 


Question:  What  determines  the  color 
that  we  see? 


In  the  three-color  process,  yellow,  red, 
and  blue  plates  are  obtained  by  photo¬ 
graphing  an  original  through  color 
filters.  The  plates  are  printed  in  the 
order  shown,  1  and  2  producing  3,  and 
3  and  4  producing  5.  A  black  plate  (6) 
is  often  added  to  sharpen  the  picture. 
Compare  5  and  7.  Figure  8  is  an  en¬ 
larged  detail  to  show  the  screen. 


Materials:  Pieces  of  glass,  blue, 
green,  yellow,  red,  and  such  other  col¬ 
ors  as  may  be  obtained;  pieces  of  cloth 
of  similar  colors;  a  projection  lantern; 
a  white  screen;  a  glass  prism. 

Directions:  (a)  Project  the  spectrum 
of  sunlight  as  in  Experiment  93.  Hold 
each  piece  of  colored  glass  in  turn  be¬ 
tween  the  prism  and  the  screen.  Notice 
what  happens  to  each  color  of  the  spec¬ 
trum. 

( b )  Darken  the  room.  Use  the  pieces 
of  colored  glass  as  lantern  slides  or  hold 
them  in  front  of  the  lens.  Examine  each 
piece  of  colored  cloth  in  turn  in  each 
colored  light. 

Results:  Arrange  two  tables  record¬ 
ing:  1.  What  happened  to  each  color  of 
the  spectrum  as  each  glass  was  placed 
in  front  of  the  prism;  2.  The  appear- 
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ance  of  each  colored  cloth  in  each  light. 

Conclusion:  Name  two  factors  which 
determine  colors  that  you  see. 
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Electricity  and 
Magnetism 


Oersted ,  a  Dane ,  sent  an  electric  current 
through  a  coil  and  made  a  magnet.  Faraday , 
an  Englishman ,  and  Henry,  an  American , 
turned  a  coil  between  the  poles  of  a  magnet 
and  set  up  a  current.  From  these  two  simple 
discoveries  have  come  the  current  that  lights 
our  cities  and  homes,  and  runs  our  vacuum 
sweepers,  trolley  cars,  and  locomotives. 

In  this  unit  we  shall  study  that  mysterious 
force  of  magnetism  which  together  with  the 
stars  guides  the  mariner  in  his  exploration  of 
the  globe.  We  shall  see  something  of  how  it 
acts  and  its  connection  with  electricity. 

We  shall  see  how  current  is  generated  and 
how  it  is  used  in  lamps,  toasters,  and  flatirons. 
We  shall  study  its  connection  with  magnetism 
that  rings  our  doorbells,  clicks  our  telegraphs, 
and  enables  us  to  hear  voices  beyond  the  moun¬ 
tains  and  the  seas.  We  shall  study  the  principle 
of  the  electric  motor.  We  shall  see  a  little  of 
those  electric  waves  that  sweep  about  the  earth 
and  come  in  to  us  from  the  heavens  beyond  the 
earth.  We  have  learned  to  start  some  of  these 
waves  in  our  radio  and  to  pick  them  up  again. 


Opposite,  Philip  Gendreau,  ( 1 )  Pennsylvania  R.R.,  (2)  Black 

Star,  (4)  General  Electric  Co. 


Chapter  Thirty-two 


Magnetism 


The  magnetic  compass.  Were 
you  ever  lost  in  a  deep  forest,  unable 
to  find  your  way  out?  Have  you  ever 
been  sailing  out  of  sight  of  land,  not 
knowing  in  what  direction  your  boat 
was  going?  A  wise  camper  in  the  big 
woods  marks  his  trail  and,  like  the 
sailor,  carries  a  compass.  The  com¬ 
pass  was  invented  centuries  ago,  we 
do  not  know  by  whom,  since  the 
Chinese,  Arabs,  Italians,  Greeks, 
and  others  all  claim  the  invention. 
It  consists  of  a  magnetic  needle  or 
bar  magnet  balanced  or  suspended, 
so  that  it  turns  freely  on  its  support, 
above  a  circular  card  on  which  the 
points  of  the  compass  are  shown. 

Natural  magnets  are  found  at 
certain  places  on  the  earth.  They  are 
magnetic  iron  ore.  Pieces  of  such 


The  magnetic  compass.  A  floating 
magnetized  needle  is  a  compass 
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magnetic  ore  are  called  lodestones 
or  leadstones.  They  were  probably 
the  first  compasses. 

If  you  will  stroke  a  steel  needle 
with  a  lodestone  or  some  other  mag¬ 
net,  you  will  find  that  the  needle  will 
itself  become  a  magnet.  You  can 
prove  that  the  needle  is  an  artificial 
magnet  by  placing  it  near  small  bits 
of  iron  or  steel  and  noting  that  it 
will  attract  them  to  itself. 

You  can  make  a  simple,  crude 
compass  by  pushing  a  magnetized 
needle  through  a  cork  and  floating 
it  in  water.  The  cork  holds  the  needle 
flat  (horizontal).  You  will  find  that  ; 
one  end  of  the  needle  will  point  to 
the  north ;  this  end  is  called  the  north 
pole  of  the  compass,  while  the  other 
end  is  called  the  south  pole.  This  is 
a  simple  form  of  the  magnetic  com¬ 
pass  that  is  used  by  aviators  and 
sailors. 

Magnetic  attraction.  If  a  bar 
magnet  is  dipped  into  a  cluster  of 
small  nails,  there  will  be  no  attrac¬ 
tion  at  the  center  of  the  magnet,  and 
the  greatest  number  of  nails  will 
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cling  to  the  ends  of  the  magnet.  These 
are  called  the  poles  of  the  magnet. 
If  we  suspend  this  bar  magnet  freely 
by  hanging  it  from  a  thread,  it 
points  north  and  south. 

A  north  pole  of  a  bar  magnet  held 
close  to  the  north  pole  of  your  com¬ 
pass  needle  will  cause  the  compass 
needle  to  swing  away.  But  a  north 
pole  held  near  a  south  pole  will  show 
attraction.  Let  us  call  these  facts  the 
law  of  magnets.  Like  magnetic  poles 
repel,  unlike  poles  attact. 

The  magnetic  field.  When  we 
move  a  compass  needle  about  near 
a  strong  magnet,  we  find  that,  al¬ 
though  the  magnet  is  a  foot  away,  it 
still  will  attract  the  needle.  This 
seems  to  show  that  the  attractive  force 
of  the  magnet  spreads  out  in  all  di¬ 
rections  and  to  some  distance  from 
the  magnet. 

We  can  detect  this  field  of  force 
by  covering  a  horseshoe  magnet  with 
a  sheet  of  glass  or  cardboard  and 
sprinkling  on  the  glass  a  thin  coating 
of  iron  filings.  A  gentle  tapping  on 
the  glass  with  a  pencil  will  cause  the 
little  filings  to  arrange  themselves  in 
curves  running  from  the  north  pole 
to  the  south  pole.  Each  little  bit  of 
iron  behaves  like  a  little  magnet 
and  is  pulled  along  in  its  line  of 


attraction,  which  is  called  its  line  of 
force . 

We  conceive  of  the  earth  as  being 
a  huge  magnet.  Compasses  on  it  be¬ 
have  as  did  these  little  bits  of  iron. 
They  are  pulled  parallel  to  the  direc¬ 
tion  of  the  magnetic  lines  of  force  of 
the  earth. 

Where  the  compass  points.  In 

most  places  on  the  earth  the  compass 
does  not  point  due  north;  that  is,  it 
does  not  point  to  the  geographic 
North  Pole,  the  most  northerly  point 
on  the  earth.  It  points  to  the  magnetic 
north  pole.  The  magnetic  poles  are 
not  on  the  geographic  poles.  The 
north  magnetic  pole  is  about  1000 
miles  south  of  the  geographic  North 
Pole,  a  little  west  of  Hudson  Bay 
near  the  Arctic  shore.  When  a  ship 
is  east  of  the  geographic  pole,  its 
compass  points  west.  If  it  is  north  of 
the  magnetic  pole,  its  compass  points 
south.  If  a  compass  is  directly  on  the 
magnetic  north  pole,  the  needle,  if  it 
is  free  to  dip,  points  straight  down. 
Magnetic  maps  show  the  difference 
between  the  true  north  and  the  com¬ 
pass  direction.  (The  angle  between 
the  true  north  and  the  direction  of 
the  needle  at  any  point  is  called  the 
magnetic  declination.) 


Lines  of  magnetic  force  shown  by 
iron  filings 


Magnetic  declination.  Only  on  the  0°  line  does  the  compass  point  true  north. 
Eastward  of  the  0°  line  the  compass  points  west  of  north  by  the  number  of 
degrees  indicated.  Westward  of  the  0  line  the  compass  points  east  of  the  true 
north.  How  does  the  compass  point  in  your  town? 


Experiment  95 

Question:  How  may  I  determine  the 
laws  of  magnetic  attraction  and  repul¬ 
sion? 

Materials:  Thread;  steel  darning 
needle;  bar  magnet;  cork;  dish  of 
water. 

Directions:  (a)  Stroke  the  darning 
needle  with  the  north  pole  of  the  mag¬ 
net,  beginning  at  the  eye  and  stroking 
toward  the  point.  Ten  strokes  are  suffi¬ 
cient. 

(6)  Push  the  needle  through  the  cork 
so  that  it  floats  in  a  horizontal  position 
in  a  dish  of  water,  and  find  out  which 
end  is  the  north  pole.  Remember  this 
for  the  next  step  in  the  experiment. 

(c)  Tie  a  string  midway  along  the 
needle  and  hang  it  about  a  foot  below 
a  support.  Bring  the  north  pole  of  the 
bar  magnet  near  the  point  of  the  needle, 
near  its  eye.  What  happens? 


(c?)  Repeat  this  procedure,  bringing  i 
the  south  pole  of  the  bar  magnet  near 
each  end  of  the  suspended  needle.  Result? 

Diagram:  Show  the  suspended  needle.  | 

Conclusion:  State  the  law  of  magnetic  ! 
attraction  and  repulsion. 

Practical  application:  How  does  the 
magnet  compass  work?  What  is  its  use? 

i  : 

Experiment  96 

Question:  How  may  I  see  a  magnetic 
field? 

Materials:  Horseshoe  magnet;  pane  ; 
of  glass  or  cardboard;  shaker  with  iron 
filings. 

Directions:  Cover  the  magnet  with 
the  pane  of  glass  or  with  the  cardboard 
and  sift  the  filings  lightly  and  evenly  on 
it.  You  can  do  this  well  by  holding  the 
shaker  two  feet  above  the  table.  Tap  the 
glass  lightly.  What  happens?  Why  did 
the  filings  move?  What  happens  to  iron 
or  steel  when  placed  near  a  magnet? 
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Diagram:  Draw  the  position  of  the 
filings. 

Conclusion:  What  is  every  magnet 
surrounded  by?  How  can  you  see  this 
field  of  attraction? 

Practical  application:  The  earth’s 
magnetic  field  causes  the  compass 
needle  to  point  north  and  south.  Why? 

Experiment  97 

Question:  How  does  a  free-floating 
magnet  behave  in  the  field  of  a  larger 
magnet? 

Materials:  Flat  glass  tray;  bar  mag¬ 
net;  broad  darning  needle;  cork. 

Directions:  (a)  Stroke  the  darning 
needle  from  eye  to  point  with  the  north 
pole  of  the  magnet.  Repeat  this  action 
several  times  until  the  needle  is  a  mag¬ 
net.  How  will  you  show  that  the  eye  end 
of  the  needle  is  a  north  pole? 


(6)  Push  the  needle  through  the 
cork  from  side  to  side  so  that  when 
placed  in  the  glass  tray  the  needle  will 
float  with  the  eye  end  (the  north  pole) 
in  the  water  and.  the  point  of  the  needle 
will  stand  up  out  of  the  water.  You  have 
thus  made  a  floating  magnet. 

(c)  Place  the  bar  magnet  in  the  tray 
filled  to  a  depth  of  one  inch  with  water. 
Place  your  floating  magnet  over  the 
north  pole.  Result?  Repeat  this  several 
times  so  that  your  floating  magnet  makes 
four  trips  on  each  side  of  the  bar  mag¬ 
net.  Draw  a  map  of  the  paths  that  the 
magnet  made. 

Diagram:  Show  a  diagram  for  b  and  c. 

Conclusion:  Answer  the  problem. 

Note:  The  path  that  the  floating 
magnet  took  about  your  magnet  is 
called  a  line  of  force.  The  entire  region, 
containing  hundreds  of  these  lines  of 
force,  is  called  a  magnetic  field . 


Questions  to  Think  Out 


1.  Plan  an  experiment  to  show  that 
not  only  does  a  magnet  attract  a  piece 
of  iron,  but  that  a  piece  of  iron  at¬ 
tracts  a  magnet.  Demonstrate  to  the 
class. 

2.  Is  magnetism  stopped  by  glass  as 
electricity  is?  Try  it. 

3.  An  iron  fence  is  sometimes  found 
to  be  magnetized.  Why?  Would  you  ex¬ 
pect  it  to  be  a  fence  running  north  and 
south  or  one  running  east  and  west? 
Why? 

4.  If  you  cut  a  magnet  in  two  in  the 
middle,  would  each  piece  have  a  north 
pole?  Try  it  with  a  magnetized  knitting 
needle  or  a  piece  of  steel  wire. 

5.  Take  two  bar  magnets,  (a)  Place 
the  north  poles  side  by  side  and  the 
south  poles  side  by  side.  Try  attracting 
iron  filings  with  the  pair  held  together. 


(6)  Reverse  one  magnet  so  that  the 
north  pole  of  each  lies  against  the  south 
pole  of  the  other.  Then  try  attracting 
iron  filings  with  the  pair  held  together. 
Explain  any  difference  you  find. 

6.  If  a  knifeblade  held  near  a  mag¬ 
netic  needle  attracts  the  north  pole,  does 
it  show  that  the  knife  is  a  magnet?  Ex¬ 
plain. 

7.  Would  an  aviator  fly  to  the  North 
Pole  by  following  the  north  pole  of  a 
compass?  Explain. 

8.  How  would  the  compass  point  at 
San  Diego,  California?  See  map,  page 
248. 

9.  Suppose  when  you  were  on  a  hike 
your  compass  turned  from  its  usual 
north  position  and  pointed  more  toward 
a  hill  you  were  walking  along.  What 
would  you  conclude? 


Chapter  Thirty-three 

What  Is  Electricity? 


Electricity  produced  by  rub¬ 
bing.  Did  you  ever  hear  your  hair 
crackle  and  see  it  stand  on  end  as 
you  combed  it  on  a  frosty  morning? 
If  you  blow  up  a  large  rubber  bal¬ 
loon  and  hang  it  from  the  ceiling  so 
that  it  is  about  at  the  level  of  the  eye 
and  bring  your  hand  near  it,  nothing 
happens.  However,  if  you  rub  the 
balloon  gently  with  some  fur,  and 
then  bring  your  hand  near  it,  you 
will  notice  that  it  is  attracted  to  your 
hand.  Evidently  this  force  of  attrac¬ 
tion  must  be  other  than  magnetic  at¬ 
traction,  because  no  iron  or  steel  is 
present.  It  is  called  electrical  attrac¬ 
tion. 

Two  kinds  of  electricity.  If  a 

hard-rubber  rod  or  a  stick  of  sealing 
wax  is  rubbed  with  fur  and  sus¬ 
pended  so  that  it  swings  freely,  and 
if  a  second  rod  also  rubbed  with  fur 
is  brought  near  it,  the  rods  repel 
each  other.  If  the  same  thing  is  tried 
with  two  rods  of  glass  that  have  been 
rubbed  with  silk,  the  glass  rods  also 


repel  each  other.  But  if  a  glass  rod 
that  has  been  rubbed  with  silk  is 
brought  near  a  rubber  rod  that  has 
been  rubbed  with  fur,  then  they  at¬ 
tract  each  other.  From  this  experi¬ 
ment  it  is  obvious  that  there  are  two 
kinds  of  electrification.  Benjamin 
Franklin  called  the  kind  produced 
on  glass  positive  or  plus  electricity, 
and  the  kind  produced  on  rubber, 
negative  or  minus  electricity.  We 
still  use  these  names,  although  we  do 
not  explain  electricity  as  Franklin 
did.  This  experiment  also  shows  that 
like  electrical  charges  repel  and  un¬ 
like  electrical  charges  attract. 

Conductors  and  insulators.  If 
you  try  to  charge  a  copper  rod  by 
holding  it  in  your  hand  and  rubbing 
it  with  fur  or  silk,  you  will  find  that 
no  charge  of  electricity  collects  on 
the  copper.  You  may  show  that  it  will 
not  attract  bits  of  paper,  or  ping- 
pong  balls.  Rubber  or  glass  similarly 
rubbed  will  attract  these  objects. 
Metals  do  not  hold  electric  charges 


A  balloon  electrified  by  rubbing  with  Two  electrified  rubber  or  wax  rods 
fur  is  attracted  to  the  hand  repel  each  other 
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How  are  the  silk  and  glass  changed 

because  charges  run  off  the  metal  to 
the  hand  as  quickly  as  they  are 
formed.  Metals  are  carriers,  or  con¬ 
ductors  of  electricity . 

If  the  rubbing  action  produces 
charges  that  attract  bits  of  paper,  as 
in  rubber,  sealing  wax,  glass,  and 
bakelite,  then  these  charges  of  elec¬ 
tricity  do  not  run  off,  because  these 
substances  do  not  conduct  electric 
charges.  The  electric  charge  stays  on 
these  substances.  Such  materials  are 
called  non-conductors  of  electricity 
or  insulators . 

Theory  of  electricity.  No  one 
knows  certainly  why  a  rubber  rod 
acquires  a  charge  of  electricity  when 
it  is  rubbed  with  fur,  but  we  do  have 
a  theory  which  explains  it.  While  no 
one  has  ever  proved  this  theory,  we 
use  it  because  it  is  the  best  explana¬ 
tion  offered  so  far  by  scientists. 
Every  substance  is  made  up  of 
atoms.  An  atom  in  turn  is  made  up  of 
smaller  units,  thought  of  as  charges 
of  electricity.  There  are  negative 
electric  charges  called  electrons  and 
positive  electric  charges  called 
protons.  The  atom  has  the  heavier 
positive  charges,  the  protons,  concen- 


THE  GLASS.  LEAVING  A 
POSITIVE  CHARGE  ON  THE 
GLASS  ROD 

by  rubbing  them  together? 

trated  (gathered)  at  the  center  and 
the  lighter  negative  electrons  around 
this  center.  When  the  atom  has  an 
equal  number  of  positive  and  nega¬ 
tive  charges,  the  substance  is  said  to 
be  neutral;  it  shows  no  charge.  That 
is  the  case  with  most  substances 
around  us. 

When  two  unlike  bodies  are 
rubbed  together,  however,  it  is  pos¬ 
sible  for  some  of  the  electrons  (nega¬ 
tive  charges)  from  the  atoms  of  one 
body  to  leave  that  substance  and 
join  the  atoms  of  the  other  body.  Ac¬ 
cording  to  our  electron  theory,  when 
glass  is  rubbed  with  silk,  some  of  the 
electrons  of  the  glass  leave  it  and  go 


ELECTRONS 


® NEUTRON 

Westinghouse 

According  to  theory,  atoms  are  made 
up  of  charges  of  electricity,  protons, 
-J-  charges  and  electrons,  —  charges. 
This  is  an  atom  of  lithium 
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on  to  the  silk.  That  means  that  there 
are  too  few  electrons  on  the  glass. 
The  glass  is  deficient  in  electrons,  or 
it  has  too  many  protons  or  positive 
charges  left.  This  causes  the  glass  to 
be  charged  positively,  or  plus.  The 
silk,  however,  gains  electrons.  This 
means  that  it  has  more  than  the  re¬ 
quired  number  for  a  neutral  body 
and  it  becomes  charged  negatively. 

When  rubber  is  rubbed  with  fur, 
the  rubber  gains  electrons  from  the 
fur.  The  rubber  has  more  than  the 
required  number  of  electrons  for  a 
neutral  body,  and  is  therefore 
charged  negatively.  The  fur,  having 
lost  electrons,  has  too  many  protons 
and  thus  is  charged  positively.  Pro¬ 
tons  (positive  charges)  and  electrons 
(negative  charges)  attract  each 
other.  A  substance  that  has  a  nega¬ 
tive  charge  will  attract  a  substance 
that  has  a  positive  charge,  because 
electrons  attract  protons.  Two  ob¬ 
jects  that  have  the  same  kind  of 
charge  repel  each  other,  because 
electrons  repel  electrons  and  protons 
repel  protons. 

Electric  current.  Rub  your  feet 
briskly  on  the  carpet  some  dry  win¬ 
ter  night.  Shuffle  over  to  the  metal 
radiator  and  hold  your  knuckle  near 
it.  You  may  notice  a  bright  spark 
jump  from  your  knuckle  to  the  radi¬ 
ator.  That  spark  is  the  effect  pro¬ 
duced  by  the  passage  of  millions  of 
electrons  from  your  body  to  the  neu¬ 
tral  radiator.  These  electrons  jump¬ 
ing  across  the  air  are  a  current  of 
electricity  in  the  air.  Air  is  a  very 
poor  conductor  of  electrons  and  will 


allow  electrons  to  jump  across  only 
when  the  electrical  pressure  is  high. 
Electrons  may  be  made  to  move 
much  more  easily  by  offering  them 
a  conducting  material,  such  as  a 
copper  wire,  to  flow  through.  When 
a  copper  wire  is  attached  to  an  elec¬ 
tric  battery  or  to  a  generator  com¬ 
pleting  the  circuit,  electrons  flow  out 
through  the  wire.  The  passage  of 
electrons  through  the  wire  is  an  elec¬ 
tric  current. 

Lightning.  In  a  lightning  flash, 
electrons  leap  through  the  air  be¬ 
tween  two  clouds  or  between  a  cloud 
and  the  ground.  When  Benjamin 
Franklin  flew  his  kite  in  a  thunder¬ 
storm,  billions  of  electrons  took  the 
easy  path  along  his  wet  kite  string 
and  gave  him  an  electric  shock.  This 
was  a  very  dangerous  experiment.  A 
few  years  later  a  scientist  in  Russia 
was  killed  in  a  similar  experiment. 
Benjamin  Franklin  also  developed 
the  principle  of  the  lightning  rod,  in 
which  a  metal  point  or  several  points 
on  the  top  of  the  building  are  con¬ 
nected  by  wire  to  the  moist  earth. 

In  a  thunderstorm,  the  larger  rain¬ 
drops  in  the  lower  part  of  a  cloud 
become  positively  charged,  while  the 
finer  drops  higher  up  become  nega¬ 
tively  charged.  The  positive  charge 
in  the  lower  cloud  induces  a  negative 
charge  in  the  lightning  rods.  From 
the  points  of  the  lightning  rods  the 
negative  electrons  pass  continually 
into  the  neighboring  parts  of  the 
storm  cloud,  neutralizing  the  posi¬ 
tive  charges  before  these  areas  be¬ 
come  dangerously  charged. 


Experiment  98 

Question:  How  can  I  get  electricity  by 
rubbing? 

Materials:  Hard-rubber  rod;  glass 
rod;  silk;  fur;  string;  two  rubber  bal¬ 
loons. 

Directions:  (a)  Inflate  the  balloons 
so  that  they  are  fairly  firm,  and  hang 
them  one  foot  apart  and  at  the  level  of 
your  eyes.  Rub  both  balloons  with  the 
fur.  We  say  that  rubbing  leaves  some 
electrons  (negative  particles)  on  both 
balloons  and  therefore  the  balloons  are 
negatively  charged.  What  happens? 
How  do  like  charges  behave? 

(6)  Remove  one  balloon.  Rub  the  re¬ 
maining  balloon  again  with  fur.  Rub  a 
glass  rod  with  silk  and  bring  it  near  the 
charged  balloon.  When  glass  is  rubbed 
with  silk,  we  say  it  loses  electrons  (neg¬ 
ative  particles)  and  becomes  positively 
charged.  What  happens  to  the  bal¬ 
loon  as  the  glass  rod  is  brought  near? 
Why? 

(c)  Bring  your  hand  near  a  balloon 
that  was  rubbed  with  fur.  What  hap¬ 
pens?  Why? 

Diagram:  Show  figures  illustrating 
what  you  did. 

Conclusion:  State  the  law  that  ex¬ 
plains  the  behavior  of  positively  and 
negatively  charged  bodies.  What  theory 
explains  a  positively  charged  body? 

Practical  application:  A  flash  of  light- 


TV estinghouse 


Man-made  lightning  jumping  over  22 
insulators  in  a  laboratory  test 


ning  is  produced  by  a  surge  of  electrons 
between  clouds  or  between  cloud  and 
earth. 

Note:  Before  we  had  the  present  the¬ 
ory  of  electricity,  it  was  customary  to 
say  that  electricity  flows  from  positive 
to  negative.  We  still  use  this  method  of 
marking  diagrams  of  cells  and  electrical 
devices.  For  such  diagrams,  it  makes  no 
difference  which  way  the  current  really 
flows,  as  long  as  we  all  agree  on  a  uni¬ 
form  method  of  marking  it. 
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Chapter  Thirty-four 

Electrons  from  Chemicals 


Electrical  energy  from  chem¬ 
ical  energy.  We  do  not  use  elec¬ 
tricity  from  cat’s  fur  or  from  silk  to 
ring  the  doorbell.  The  electrical  en¬ 
ergy  that  comes  from  fur  or  silk  has 
been  created  by  mechanical  energy 
in  rubbing  one  substance  to  give  it  a 
negative  charge,  and  the  other  a  posi¬ 
tive  charge.  For  the  doorbell  we  use 
the  energy  that  is  found  in  chemicals 
or  in  a  current  from  a  dynamo. 

What  is  a  wet  cell?  You  can 
easily  make  a  battery  that  gives  an 
electric  current  from  chemical  en¬ 
ergy.  Mix  in  a  fruit  jar  one  part  sal 
ammoniac  (ammonium  chloride) 
and  four  parts  water.  Then  place  in 
the  jar  a  carbon  rod,  obtained  from 
an  old  dry  cell,  and  a  strip  of  zinc  so 
placed  that  they  do  not  touch  (see 
diagram).  If  you  fasten  a  copper 
wire  to  the  carbon  and  another  to  the 
zinc  and  connect  these  two  wires  to 
an  electric  doorbell,  the  bell  will 
ring.  Experiments  show  that  the 
chemicals  in  the  jar  or  cell  produce 
a  positive  charge  on  the  carbon  rod 


and  a  negative  charge  on  the  strip  of 
zinc.  When  these  are  connected  by  a 
wire  running  through  the  bell,  a  flow 
of  electrons  in  the  wire  (an  electric 
current)  rings  the  bell.  The  electri¬ 
cal  energy  comes  from  the  chemical 
energy  of  the  zinc.  If  this  cell  is  op¬ 
erated  for  several  hours,  the  zinc  is 
gradually  used  up  by  being  dissolved 
in  the  solution.  Electricity  is  pro¬ 
duced,  but  at  the  expense  of  the  zinc. 
The  minus  (or  negatively)  charged 
zinc  and  the  plus  (or  positively) 
charged  carbon  are  called  electrodes , 
and  the  sal  ammoniac  solution  is 
called  the  electrolyte. 

What  is  in  a  dry  cell?  The  wet 
cell  is  not  very  convenient.  The  sal 
ammoniac  solution  spills  or  evap¬ 
orates.  In  addition,  bubbles  of  hy¬ 
drogen  gas  formed  in  the  chemical 
action  clog  the  carbon  electrode. 
These  difficulties  are  overcome  to 
some  extent  in  the  dry  cell ,  such  as 
is  used  in  a  flashlight  or  doorbell 
circuit.  A  dry  cell  is  not  dry  inside 
but  contains  a  thick  paste  of  sal 
ammoniac,  powdered  carbon,  zinc 
chloride,  and  manganese  dioxide. 
In  the  center  is  a  carbon  electrode  as 
in  the  wet  cell.  The  other  electrode 
is  the  zinc  cup  on  the  outside.  The 
paste  is  prevented  from  drying  by 
sealing  it  in  waxed  paper  with  a  layer 
of  pitch  at  the  top. 
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same  as  that  of  the  wet  cell.  The  zinc 
accumulates  a  great  many  electrons 
that  will  move  to  the  carbon  when 
connected  with  a  wire.  But  this  elec- 
trical  energy  is  gained  at  the  expense 
of  the  zinc  which  is  dissolved  in  the 
process.  Finally  the  current  weakens 
and  the  cell  becomes  useless  and 
must  be  thrown  away. 

The  battery  in  your  car.  For  a 
steady  and  cheaper  source  of  cur¬ 
rent,  as  in  automobiles,  storage  cells 
are  used.  These  cells  do  not  store 
electricity,  as  their  name  implies.  In¬ 
stead,  they  store  chemicals  whose 
action  corresponds  to  the  action  of 
the  wet  cell.  In  the  storage  cell  the 
plates  consist  of  lead,  and  the  elec¬ 
trolyte  is  one  part  sulfuric  acid  by 
volume  and  four  parts  water.  If  these 
are  connected  to  a  bell,  nothing  hap¬ 
pens,  because  the  lead  plates  are 
alike  and  neither  plate  accumulates 
more  electrons  than  the  other  from 
the  acid.  The  cell  has  to  be  charged; 
to  do  this,  the  plates  are  connected 
to  a  source  of  direct  current  or  a  few 
dry  cells.  In  automobiles  this  source 
is  a  generator  driven  by  the  engine. 
Thus,  as  the  car  is  driven,  the  bat¬ 
tery  is  being  charged. 

When  charging  the  cell ,  the  cur¬ 
rent  causes  a  chemical  change,  so  that 
the  lead  plate,  which  is  connected  to 
the  positive  end  of  the  current  sup¬ 
ply,  attracts  charged  atoms  of  oxy¬ 
gen  from  the  water.  This  changes  the 
positive  lead  plate  to  red  lead  per¬ 
oxide  on  the  surface.  The  lead  plate, 
which  is  connected  to  the  negative 


The  von  Trotts 


The  flashlight  operates  on  a  dry  cell 
diagrammed  at  the  left.  A  dry  cell.  A, 
zinc  can.  B,  powdered  carbon  mixed 
with  ammonium  chloride,  zinc  chlo¬ 
ride,  and  manganese  dioxide.  C,  car¬ 
bon  rod 

end  of  the  current  supply,  remains 
gray  lead.  In  this  charging  process 
the  acid  becomes  thicker,  or  denser, 
and  the  electrical  energy  has  pro¬ 
duced  chemical  changes  in  the  stor¬ 
age  battery.  Chemical  energy  has 
been  stored. 

Now  the  cell  is  ready  for  the  dis¬ 
charging  process,  in  which  it  may 
light  a  lamp,  ring  a  bell,  or  turn  the 
motor  to  start  the  car.  When  such  a 
cell  is  connected  by  wires  to  an  elec¬ 
trical  device,  the  red  lead  peroxide 
plate  behaves  like  the  carbon  in  the 
wet  cell.  In  its  chemical  action  with 
the  acid  it  loses  electrons  or  is 
charged  positively.  The  gray  lead 
plate  in  its  chemical  action  gains 
electrons  or  is  charged  negatively. 
If  the  two  are  connected  through  a 
lamp,  the  electrons  flow  through  a 
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wire.  Thus,  in  your  car,  when  the 
storage  battery,  which  is  a  series  of 
such  cells,  lights  the  lamps,  it  be¬ 
haves  like  the  wet  cell  you  have 
studied  previously.  In  this  discharg¬ 
ing  process  the  plates  become  similar 
and  the  acid  becomes  less  dense. 

You  may  see  whether  a  storage 
battery  is  in  a  charged  or  discharged 
condition  by  testing  the  cells  with  a 
hydrometer ,  which  measures  the 
density  of  the  acid.  An  acid  of  high 
density  shows  a  charged  battery.  An 
acid  of  low  density  indicates  a  dis¬ 
charged  condition.  This  type  of 
battery  should  be  kept  filled  with 
distilled  water  and  must  not  be  over¬ 
charged  or  overdischarged. 

Electroplating.  You  have  seen 
how  electrical  energy  may  be  ob¬ 
tained  from  chemical  energy.  You 


A  hydrometer  for  testing  an  auto¬ 
mobile  battery.  The  hydrometer  is 
the  small  glass  inside  the  outer  glass 
syringe.  The  denser  the  liquid  the 
higher  the  hydrometer  floats 


COPPER 

PLATING 


How  copper  plating  is  done 


have  also  seen  how  electricity  may 
produce  chemical  changes  in  decom¬ 
posing  water  into  its  two  elements, 
oxygen  and  hydrogen.  Again,  in  de¬ 
positing  the  thin  film  of  silver  on 
your  breakfast  spoon  and  the  chro¬ 
mium  plate  on  the  bumper  of  an 
automobile,  electrical  energy  is 
used. 

Place  a  rod  of  carbon,  such  as  the 
“lead”  of  a  lead  pencil,  which  is  not 
lead  at  all  but  graphite  (carbon), 
and  a  strip  of  copper  in  a  solution  of 
blue  vitrol,  or  copper  sulfate.  Con¬ 
nect  the  carbon  with  a  wire  to  the 
zinc  or  the  negative  end  of  a  dry  cell, 
and  the  copper  to  the  positive  or  car¬ 
bon  end  of  the  cell  as  shown  in  the 
diagram.  After  the  current  has 
passed  for  three  minutes,  examine 
the  carbon,  and  you  will  see  that  a 
thin  film  of  copper  has  formed  on 
the  carbon.  The  carbon  is  said  to  be 
plated  with  copper. 

In  electroplating,  the  negative 
electrode  (called  the  cathode )  re¬ 
ceives  the  metal  that  came  from  the 
positive  end  (called  the  anode) .  The 
electrolyte  should  be  a  salt  of  the 
metal  to  be  deposited.  In  this  way, 
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Westcoti  and  Thomson 

Electroplating.  The  sheet  mold,  ap¬ 
plying  silver  nitrate,  attaching  the 
electric  current,  removing  copper- 
coated  mold  from  tank.  This  coating 
is  described  on  the  next  page. 

one  metal  may  be  coated  with  an¬ 
other.  For  example,  articles  of  brass 
or  iron,  which  corrode  in  the  air,  may 
be  coated  with  nickel  or  chromium, 
which  do  not  corrode.  Similarly 
much  cheap  jewelry  is  plated  with 
gold  or  silver.  Many  knives,  forks, 
and  spoons  are  silverplated.  Steel  is 
often  plated  with  copper.  Iron  is 
plated  with  brass  by  using  salts  of 
copper  and  zinc. 

Refining  of  metals  by  electric¬ 
ity.  Metals  are  sometimes  refined  by 
electroplating.  Copper  as  it  comes 
from  the  smelting  works,  where  it  is 
extracted  from  the  ore,  contains 
many  impurities.  This  impure  cop¬ 
per  is  made  the  anode,  and  a  thin  bar 
of  pure  copper  is  made  the  cathode. 
The  electrolyte  is  copper  sulfate. 
The  passage  of  the  current  takes 
away  the  pure  copper  from  the  mix¬ 
ture  of  impurities  and  deposits  it  on 
the  cathode.  The  copper  obtained  in 
this  way  is  almost  100  per  cent  pure. 


Electrotyping.  Books  are  not  al¬ 
ways  printed  from  the  type  which 
was  originally  set  up.  Most  books 
are  made  from  copper  plates  which 
are  obtained  from  the  original  type 
by  electroplating.  The  type  is  pressed 
on  a  sheet  of  wax  or  plastic  so  that 
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the  imprint  of  every  letter  is  on  the 
sheet.  The  sheet  does  not  conduct 
electricity.  Therefore  this  impres¬ 
sion  is  carefully  coated  with  silver 
nitrate.  The  mold  is  then  placed  in 
a  solution  of  copper  sulfate  and 
connected  to  the  negative  end  of  a 
source  of  current.  A  bar  of  copper 
is  at  the  positive  end.  When  the  cur¬ 
rent  passes,  the  copper  is  deposited 
on  the  mold  and  forms  a  thin  copper 
shell  having  the  exact  shape  of  the 
mold  of  the  type.  This  thin  shell  is 
reinforced  with  lead  to  make  it 
strong  enough  for  printing. 

Experiment  99 

Question:  How  can  I  make  a  wet 
cell? 

Materials:  Sal  ammoniac;  large  glass 
jar;  carbon  rod  (obtained  from  old  dry 
cell) ;  strip  of  zinc;  bell;  and  wires. 

Directions:  Fill  the  jar  with  a  solu¬ 
tion  consisting  of  one  part  sal  ammon¬ 
iac  dissolved  in  four  parts  of  water. 
Fasten  a  wire  securely  to  the  carbon  rod 
and  another  to  the  strip  of  zinc.  (See 
drawing  on  page  254.)  Place  carbon 
and  zinc  rods  in  the  solution  so  that  they 
do  not  touch.  Connect  both  wires  to 
your  doorbell.  What  happens?  Where 
does  the  energy  required  to  ring  the  bell 
come  from? 

Conclusion:  Tell  how  to  make  such  a 
wet  cell. 

Practical  application:  These  same  sub¬ 
stances  are  used  in  a  flashlight  dry  cell. 

Note:  The  cell  that  you  have  made 
will  not  long  continue  to  furnish  electric 
current.  It  should  be  used  for  short  in¬ 
tervals  only  because  gas  bubbles  clog 
the  carbon  rod.  When  this  happens,  re¬ 
move  the  carbon,  dip  it  (carefully)  into 
dilute  nitric  acid  solution  and  then  hold 
it  in  a  flame  for  a  few  minutes.  It  will 
then  work  again. 


Charging  a  homemade  storage  bat¬ 
tery 


Experiment  100 

Question:  How  can  I  make  and 
charge  a  storage  battery? 

Materials:  Two  pieces  of  sheet  lead 
(1  in.  x  5  in.)  ;  three  dry  cells;  sul¬ 
phuric  acid;  a  large  glass  jar;  an  elec¬ 
tric  doorbell. 

Directions:  (a)  Prepare  a  solution  of 
sulfuric  acid  by  slowly  pouring  one 
part  of  acid  into  four  parts  of  water. 
Danger! — Do  not  pour  the  water  into 
the  acid.  It  may  spatter  your  hands, 
face,  or  clothing.  Insert  the  strips  of 
lead  so  that  they  do  not  ouch,  and  con¬ 
nect  them  with  copper  wires  to  a  bell. 
Does  the  bell  ring?  Do  not  worry  if 
nothing  happens,  because  the  cell  is  not 
charged. 

(6)  Connect  the  dry  cells  in  series 
(see  above)  and  connect  them  to  the 
lead  plates.  What  happens  to  the  lead 
plates?  Which  turns  red?  Why?  This  is 
the  charging  process.  Keep  this  up  for  5 
minutes. 

(c)  Disconnect  the  dry  cells  and  con¬ 
nect  the  lead  plates  to  a  bell.  How  long 
does  it  ring?  What  happens  to  the 
plates? 

Diagram:  Show  the  storage  battery 
“on  charge.” 

Conclusion:  Tell  how  to  make  a  stor¬ 
age  cell. 

Practical  application:  What  is  the  use 
of  the  storage  battery  in  the  automo¬ 
bile?  Storage  batteries  are  used  to  sup¬ 
ply  electric  lights  in  home  lighting 
plants.  The  storage  batteries  are  charged 
by  a  dynamo  driven  by  a  gasoline  en¬ 
gine  or  sometimes  by  water  power. 


ELECTRONS  FROM  CHEMICALS 


259 


Experiment  101 

Question:  How  can  I  make  a  copper 
plating  of  my  initials? 

Materials:  Dry  cell;  dilute  solution  of 
copper  sulfate;  No.  20  bare  copper  wire; 
tumbler;  cardboard;  soft  lead  pencil; 
bell  wire. 

Directions:  (a)  Print  your  initial  on 
a  card  in  broad  letters  with  a  soft  lead 
pencil.  Be  sure  to  make  a  heavy,  wide 
pencil  line.  Attach  the  bare  copper  wire 
firmly  to  the  initial  in  several  places, 
not  merely  to  the  card.  Attach  a  piece 
of  bell  wire  to  this  bare  copper  wire  and 
to  the  zinc  terminal  or  minus  end  of  the 
cell.  Next  make  a  little  coil  of  another 
piece  of  bare  copper  wire  and  attach  to 
the  bell  wire  that  runs  to  the  carbon 
(plus)  terminal  of  the  dry  cell.  Lower 
gently  both  the  card  and  the  copper  coil 
into  the  tumbler  of  copper  sulfate  so¬ 
lution  and  keep  them  there  for  half  an 
hour.  What  happens?  Why  is  copper  de¬ 
posited  on  your  carbon  initials?  What 
happens  to  the  copper  coil?  If  you  leave 
this  for  a  few  hours,  your  plating  of 
copper  may  be  thick  enough  to  be  care¬ 
fully  removed. 

(6)  We  say  that  the  current  flows 
from  the  carbon  of  the  battery  through 
the  wire  to  the  copper  coil;  through  the 
copper  solution  to  the  carbon  initials  on 


the  card;  through  the  wire  to  the  zinc 
of  the  cell;  through  the  cell  to  the  car¬ 
bon  again.  Repeat  this  experiment  re¬ 
versing  the  terminals  of  the  dry  cell; 
that  is,  change  the  plus  and  minus  con¬ 
nections.  Does  anything  happen? 

Diagram:  Draw  the  apparatus  in  use. 

Conclusion:  How  is  copper  plating 
done? 

Practical  application:  Explain  elec¬ 
trotyping.  Silver  plating  is  similarly 
carried  on  by  the  use  of  a  silver  solution 
instead  of  a  copper  solution,  and  a  silver 
bar  instead  of  the  coil  of  copper  wire. 

Experiment  102  (Optional) 

An  easy  way  to  clean  silver.  Dissolve 
some  salt  and  washing  soda  in  hot  wa¬ 
ter.  Lay  a  piece  of  aluminum  or  zinc  in 
the  vessel  and  a  piece  of  tarnished  sil¬ 
ver  touching  it,  or  the  tarnished  silver 
may  be  boiled  in  an  aluminum  vessel 
with  salt  and  soda. 


Questions  to  Think  Out 


1.  Take  apart  an  electric  flashlight. 
Trace  the  circuit  and  show  the  class. 

2.  Why  is  the  life  of  an  automobile 
battery  so  short?  What  has  happened  to 
a  “dead”  cell? 

3.  How  could  you  nickel-plate  a 
piece  of  iron? 

4.  Why  can  you  not  use  ordinary 
house-lighting  current  in  electroplating? 

5.  Why  are  plants  for  production  of 
aluminum  located  near  water  power? 


6.  Why  should  you  insist  on  dated 
dry  cells  when  purchasing? 

7.  Examine  the  figure  on  page  258, 
noting  the  connecting  wires  from  cen¬ 
tral  to  side  posts  of  the  cells.  Whal 
would  happen  if  you  connected  the  cen¬ 
ter  post  of  a  cell  directly  to  the  side  post 
of  the  same  cell? 

8.  Why  should  you  disconnect  a  dry 
cell  or  open  the  circuit  when  it  is  no! 
in  use? 


Chapter  Thirty-five 

Measuring  Electricity 


How  does  the  electric  company 
find  out  how  much  electricity  you  use 
during  a  month?  As  the  water  com¬ 
pany  measures  the  flow  of  water 
through  the  pipes,  the  electric  com¬ 
pany  measures  the  current  that  flows 
through  the  wires.  You  can  easily 
measure  it  yourself.  To  understand 
how  electricity  is  measured,  you 
should  learn  something  about  the 
units  or  yardsticks  used. 

Electrical  pressure  or  voltage. 
When  you  open  the  water  faucet  over 
your  sink,  the  water  probably  flows 
out  of  it  with  a  great  deal  of  force. 
The  pressure  behind  the  water  is 
great  if  your  supply  tank  is  several 
stories  above  the  sink.  However,  if 
you  live  on  the  top  floor  and  the  sup¬ 
ply  tank  is  just  above  you,  then  the 
force  or  pressure  of  the  water  will  be 
less.  Electricity  also  has  a  pressure. 
When  a  dry  cell  is  connected  to  a 
bell,  you  may  imagine  the  cell  as 
pumping  electrons  through  the  bell. 
To  drive  electrons  or  the  electric  cur¬ 
rent  through  the  bell,  the  pump  or 
cell  must  exert  a  certain  pressure. 
The  electrical  pressure  is  measured 
in  volts.  This  electrical  pressure  unit 
is  named  in  honor  of  Alessandro 
Volta  (1745—1827),  an  Italian  sci¬ 
entist.  The  instrument  that  measures 
the  number  of  volts  is  called  a  volt¬ 
meter.  This  pressure  is  sometimes 
spoken  of  as  an  electromotive  force 


(e.m.f.) .  The  ordinary  dry  cell  when 
new  furnishes  1.5  volts.  The  ordi¬ 
nary  house  circuit  supplies  us  with 
110  volts.  A  three-cell  storage  bat¬ 
tery  of  a  car  has  a  pressure  of  6  volts. 

Electric  current  or  amperage. 
When  you  open  the  water  faucet  in 
your  kitchen  slightly,  the  amount  of 
water  that  flows  out  in  a  minute  is 
much  smaller  than  when  you  open 
the  faucet  fully.  It  is  possible  to 
measure  the  rate  of  flow  of  the  water. 
It  may  be  two,  four,  or  six  gallons 
a  minute. 

In  an  electric  circuit  you  may  also 
measure  the  rate  of  flow  of  the  cur¬ 
rent.  When  you  turn  on  several 
lamps  in  your  house,  you  are  evi¬ 
dently  using  more  electricity  than 
when  you  turn  on  one  lamp.  You 
may  therefore  say  that  the  current  or 
the  number  of  amperes  that  you  are 
using  for  four  lamps  of  the  same 
kind  is  four  times  the  number  that 
you  are  using  for  one  lamp. 

The  ampere,  named  after  Andre 
Ampere  (1775-1836),  a  French 
scientist,  is  the  unit  for  measuring 
the  rate  of  flow  of  the  current.  The 
instrument  that  measures  the  num¬ 
ber  of  amperes  is  called  the  am¬ 
meter.  A  60-watt  house  lamp  uses 
about  one  half  an  ampere.  An  elec¬ 
tric  iron  uses  from  4  to  6  amperes. 

Resistance  to  electricity.  A 
stream  of  water  flowing  through  long 
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At  left,  cells  connected  in  series  compared  to  tanks  of  water.  The  pressure 
or  voltage  is  increased.  At  right,  cells  connected  in  parallel  compared  to  tanks 
of  water.  The  pressure  or  voltage  is  the  same  as  of  one  cell,  hut  the  current 
flows  for  a  longer  time. 


narrow  pipes  meets  a  greater  resist¬ 
ance  than  a  stream  traveling  through 
short,  wide  pipes.  This  resistance  is 
due  to  the  rubbing  action  or  friction 
of  the  water  inside  the  pipe.  A  stream 
of  electrons  will  likewise  meet  a  re¬ 
sistance  to  its  flow  in  the  wire. 

A  long,  narrow  wire  has  a  greater 
resistance  than  a  short,  thick  wire. 
A  copper  wire  has  one  seventh  the 
resistance  that  iron  wire  has.  The 
amount  of  resistance  is  measured  in 
ohms.  An  ohm  is  named  after  Georg 
Simon  Ohm  (1787-1854),  a  Ger¬ 
man  scientist  who  studied  electrical 
circuits.  The  filament  of  the  ordi¬ 
nary  60-watt  electric  lamp  in  your 
house  has  a  resistance  of  about  250 
ohms. 

Ohm’s  law.  If  the  resistance 
(ohms)  of  an  electric  circuit  is  in¬ 
creased,  the  rate  of  flow  of  the  cur¬ 
rent  (amperes)  is  cut  down.  If  the 
voltage  or  pressure  in  a  circuit  is  in¬ 
creased,  then  the  flow  of  current  is 
also  increased.  This  principle  or  law 
is  known  as  Ohm’s  law:  The  number 


of  amperes  is  equal  to  the  number  of 
volts  divided  by  the  number  of  ohms . 

Joining  cells  in  series  to  in¬ 
crease  pressure.  Suppose  you  had 
a  doorbell  that  needed  a  pressure  of 
4.5  volts  to  operate  it,  and  you  had 
3  dry  cells  that  furnished  1.5  volts 
each.  How  would  you  connect  them 
to  operate  your  bell? 

If  you  had  three  tanks  of  water, 
and  you  wanted  to  increase  the  pres¬ 
sure  of  the  water  three  times,  you 
would  connect  the  tanks  one  above 
another.  In  electricity  we  increase 
the  pressure  of  a  group  of  cells  by 
joining  them  in  series ,  so  that  the 
electrons,  after  being  pushed  by  one 
pump  (cell),  are  pushed  by  the  next 
pump  (cell) ,  and  the  next.  If  the  zinc 
of  the  first  cell  is  connected  to  the 
carbon  of  the  next,  and  so  on  down 
the  line,  we  have  a  connection  in 
series. 

Joining  cells  in  parallel  for 
longer  life.  If  you  plan  to  make 
dry  cells  last  longer,  it  is  always  a 
good  plan  to  join  the  positive  (car- 


The  von  Trotts 


An  electric  meter.  A.  The  dials  of  an  electric  meter.  B.  The  dials  a  month  later. 
How  many  kilowatt  hours  will  the  consumer  pay  for  on  this  month’s  bill? 

is  played  three  hours  a  night  for  a 
month?  Is  it  true  that  an  electric  iron 
costs  only  four  cents  an  hour?  These 
questions  have  probably  occurred  to 
you  and  you  can  answer  them,  if  you 
learn  how  to  read  your  electric  meter 
and  how  to  calculate  the  watts  con¬ 
sumed  in  an  electrical  device. 

The  amount  of  work  that  elec¬ 
tricity  does  depends  upon  two  things: 

first,  the  number  of  volts,  which  is 
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bon)  terminals  to  one  wire  and  the 
negative  (zinc)  terminals  to  the 
other  wire.  Then  join  these  wires  to 
the  device.  Cells  so  arranged  are 
joined  in  parallel.  If  you  join  three 
cells  in  this  manner,  the  combined 
voltage  of  all  three  cells  will  be  no 
more  than  for  one  cell,  but  the  cells 
will  last  longer. 

Buying  electricity.  How  much 
does  a  radio  set  cost  to  operate  if  it 
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the  pressure  in  the  line,  and,  second, 
the  number  of  amperes,  which  is  the 
rate  of  flow  of  the  current.  The  num¬ 
ber  of  volts  (pressure)  multiplied 
by  the  number  of  amperes  (flow  of 
current)  gives  the  number  of  watts . 
For  example,  if  your  lamp  operates 
and  a  120-volt  circuit  and  a  current 
of  i  ampere  passes  through  the 
lamp,  the  number  of  watts  used  an 
hour  is  found  by  the  calculation  120 
X  i  —  60;  the  lamp  is  a  60- watt 
lamp. 

A  kilowatt  is  1000  watts.  One  kilo¬ 
watt  used  for  an  hour  is  called  one 
kilowatt  hour .  Electric  power  com¬ 
panies  charge  by  the  kilowatt  hour. 
Your  electric  meter  has  usually 
four  dials  which  indicate  the  num¬ 
ber  of  kilowatt  hours  that  have  been 
consumed  since  the  meter  was  in¬ 
stalled.  These  dials  are  read  just  as 
you  would  read  the  hour  hands  of  a 
clock,  except  that  two  of  the  “clocks” 
seem  to  run  backwards  or  counter¬ 
clockwise.  The  dial  on  the  left  indi¬ 
cates  thousands,  the  next  hundreds, 
the  next  tens,  and  the  last  units.  If 
the  first  hand  is  between  3  and  4,  it 
reads  3000;  if  the  second  hand  is  be¬ 
tween  1  and  2,  it  reads  100;  if  the 


third  hand  is  between  7  and  8,  it 
reads  70;  and  if  the  fourth  hand  is 
between  4  and  5,  it  is  read  4.  This 
makes  the  total  number  of  kilowatt 
hours  3174. 

If  your  meter  last  month  read 
3140  and  this  month  3174,  then  34 
kilowatt  hours  of  electricity  have 
been  consumed  during  the  month.  If 
your  power  company  charges  you 
10  cents  a  kilowatt  hour,  then  your 
bill  should  be  34  X  10  or  $3.40. 

The  salesman  may  say,  “This  de¬ 
vice  costs  almost  nothing  to  operate.” 
You  can  check  the  truth  of  his  state¬ 
ment  if  you  know  the  number  of 
watts  required  and  the  charge  for  a 
kilowatt  hour.  Many  electrical  de¬ 
vices,  such  as  toasters,  are  marked 
with  the  watts  they  use.  Examine 
your  toaster  and  calculate  the  cost  of 
operating  it  for  a  half  hour.  If  the 
name  plate  of  your  toaster  reads 
400  watts,  that  means  that  your 
toaster  uses  400  watts  of  electrical 
energy  each  hour.  If  you  use  your 
toaster  for  15  minutes,  you  consume 
i  of  400  watts  or  100  watts.  If  the 
cost  of  a  kilowatt  (1000  watts)  hour 
is  10  cents,  the  cost  of  100  watts  is 
yu  of  10  cents  or  1  cent. 


Chapter  Thirty-six 

Heat  and  Light  Energy  from 
Electricity 


Electric  heating.  Most  houses 
that  have  electricity  today  use  at  least 
one  device  that  transforms  electrical 
energy  into  heat.  Electric  irons, 
ranges,  toasters,  grills,  water  heat¬ 
ers,  room  heaters,  coffee  percolators, 
chafing  dishes,  and  heating  pads  all 
use  the  same  principle.  Electricity 
while  flowing  through  wires  pro¬ 
duces  heat.  If  a  thin  iron  wire  about 
8  inches  long  is  connected  across  the 
terminals  of  a  dry  cell,  the  wire  will 
become  very  warm:  If  two  cells  are 
used  in  series,  the  wire  will  become 
hot  enough  to  glow. 

If  the  same  thing  is  tried  with  cop¬ 
per  wire,  it  will  be  found  that  not  so 
much  heat  is  developed  as  in  the  iron. 
When  electricity  flows  through  a 
wire,  electrical  energy  is  used  up  in 
overcoming  the  resistance  that  the 


wire  offers  to  its  flow.  The  used-up 
energy  appears  as  heat.  This  causes 
the  wire  to  become  hot.  Iron,  which 
offers  greater  resistance  to  the  pas¬ 
sage  of  the  current  than  copper 
does,  heats  more  quickly  than  cop¬ 
per.  The  amount  of  heat  is  increased 
also  by  increased  flow  of  current,  as 
is  shown  by  increasing  the  number 
of  dry  cells.  The  total  heat  produced 
is  dependent  too  on  the  time  during 
which  the  current  flows. 

The  electric  toaster.  The  heat¬ 
ing  unit  in  the  electric  toaster  is  a 
coil  of  nichrome  wire  (pronounced 
nik'rom).  Nichrome  is  an  alloy 
(mixture)  of  iron,  nickel,  and  chro¬ 
mium.  It  is  used  for  heating  coils 
because  it  does  not  melt  at  heating 
temperatures;  it  has  a  high  resist¬ 
ance;  and  it  does  not  oxidize  in  the 
air  when  heated.  The  passage  of  a 
current  through  the  coils  heats  them. 
The  red-hot  coils  toast  the  bread. 


Ewing  Galloway,  N.Y. 
An  electric  heater. 
What  is  the  pur¬ 
pose  of  the  pol¬ 
ished  reflector? 


The  electric  flatiron.  The  elec¬ 
tric  flatiron  has  in  its  base  a  tape  of 
nichrome.  Heat  is  developed  when 
the  current  passes  through  this  tape. 
The  first  irons  that  were  used  were 
inconvenient  because  of  the  necessity 
of  switching  the  current  on  and  off 
to  regulate  the  heat.  These  irons  also 
increased  the  fire  hazard.  A  forget¬ 
ful  housewife  who  left  an  iron  on 
the  ironing  board  to  answer  the 
telephone  might  return  to  find  the 
board  in  flames.  Irons  with  auto¬ 
matic  temperature  control  are  now 
in  use.  A  thermostat  switches  the 
electricity  on  and  off,  thus  keeping 
the  temperature  constant. 

The  electric  range.  For  cooking 
purposes,  electric  ranges  are  becom¬ 
ing  more  popular.  While  cooking  by 
electricity  is  more  expensive  than  by 
gas  in  most  communities,  it  is  cleaner 
and  in  some  ways  more  convenient. 
The  electric  range,  like  the  toaster, 
consists  of  a  long  coil  of  nichrome 
wire  that  is  coiled  into  a  spiral  and 
set  in  a  groove  in  porcelain.  The  coil 
used  in  the  range  is  much  heavier 
than  the  toaster  coils;  and  conse¬ 
quently,  consumes  about  six  times  as 
much  electricity. 

Electric  heaters.  Spirals  of  nich¬ 
rome  wire  are  also  used  for  small 
portable  heaters  for  rooms.  The  nich¬ 
rome  coil  is  wound  around  a  por¬ 
celain  cylinder.  This  is  placed  at  the 
center  of  a  concave  reflector  made  of 
polished  metal.  The  reflector  sends 
the  heat  and  light  rays  straight  out. 

Household  appliances  that  use 
electricity  to  provide  heat  are  in  gen- 


General  Electric  Co. 


Electric  stove,  and  coils  of  a  hot  plate 

eral  more  expensive  of  current  than 
those  in  which  electricity  provides 
light.  While  costing  more  than  other 
means  of  heating,  electric  heaters 
are  quick,  clean,  and  portable. 

Light  from  electrical  energy. 
Sir  Humphry  Davy  about  1825  made 
the  first  electric  light  by  connecting 
two  thousand  cells  to  two  pieces  of 
coal  which  touched  each  other.  Upon 
separating  the  two  pieces  of  coal  he 
noticed  a  bright  electric  flash.  Wil¬ 
liam  Wallace,  using  this  experi¬ 
ment  about  1875,  devised  a  lamp  by 
connecting  the  current  from  a  dy¬ 
namo  to  two  pieces  of  carbon.  The 
carbons  were  then  touched  and  sepa¬ 
rated  about  a  quarter  of  an  inch. 
The  resistance  of  the  air  in  this  gap 
to  the  passage  of  the  electric  current 
is  so  great  that  a  tremendous  amount 
of  heat  is  produced.  The  heat  energy 
is  so  great  that  it  vaporizes  the  car¬ 
bon  ;  the  vapor  is  incandescent  ( glow-  * 
ing  hot) .  The  carbon  vapor  then  con¬ 
ducts  the  electricity  across  the  gap 
in  what  is  called  an  arc ,  because  the 
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POSITIVE  CARBON 


Electric  arc  carbons 


NEGATIVE  CARBON 

path  sometimes  appears  to  be  curved. 
Light  produced  by  this  lamp,  called 
a  carbon  arc  lamp,  is  very  intense. 

Although  arc  lamps  are  suitable 
for  street  lighting,  they  need  regula¬ 
tion  because  the  carbons  burn  away 
about  an  inch  every  hour.  About 
1900  Charles  Steinmetz,  later  known 
as  the  “Wizard  of  Schenectady,”  was 
looking  for  a  better  material  than 
carbon  and  for  some  device  to  regu¬ 
late  the  burning  away  of  the  carbons. 
He  found  the  new  substance  in  an 
oxide  of  iron,  magnetite,  which  gave 
out  a  brilliant  blue  illumination.  He 
regulated  the  space  between  the  car¬ 
bons  by  the  action  of  an  electromag¬ 
net.  For  several  years  the  arc  lamp 
was  used  extensively  for  street  light¬ 
ing.  Today  the  incandescent  lamp 
has  supplanted  it  almost  completely. 

For  public  parks  and  recreation 
fields  flaming  arc  lights  were  once 
employed.  These  arcs  had  carbons 
with  a  center  or  core  of  calcium  or 
magnesium  compounds.  A  golden 
light  which  is  very  efficient  resulted. 
White  arc  lights  have  carbons  with 
a  core  of  iron  oxide.  Motion-picture 
projection  machines  still  use  this 
type  of  lamp. 


Edison’s  electric  lamp.  The  arc 
lamp  is  unsuitable  for  home  light¬ 
ing.  Thomas  Alva  Edison  had  the 
persistence,  patience,  and  courage 
to  search  for  the  method  and  ma¬ 
terials  to  make  an  incandescent 
lamp.  Edison  and  his  staff  of  a  hun¬ 
dred  assistants  tried  6000  substances 
before  they  found  a  suitable  sub¬ 
stance.  It  was  known  that  metal  wire 
could  be  heated  to  incandescence 
(glowing)  by  the  passage  of  an  elec¬ 
tric  current,  but  the  wire  burned  up 
in  the  air.  Edison  and  his  assistants 
found  that  a  bamboo  thread  charred 
until  only  carbon  remained  fur¬ 
nished  a  suitable  light.  He  then  per¬ 
fected  a  pump  that  would  exhaust 
the  air  from  the  bulb  in  which  the 
carbon  wire  was  sealed. 

The  modern  incadescent 
lamp.  The  incandescent  lamp  of  to¬ 
day  is  quite  different  from  Edison’s 
carbon-filament  lamp.  To  secure 
greater  brilliance,  a  metal,  tungsten, 
is  used  as  the  filament.  The  use  of 
tungsten  makes  the  lamp  2^  times 
as  efficient  as  a  carbon  lamp.  To  pre¬ 
vent  the  filament  from  burning  up, 
Edison  exhausted  the  air  from  the 
bulb.  It  has  been  found  that  by  fill¬ 
ing  this  bulb  with  nitrogen  or  argon, 
two  very  inactive  gases,  the  life  of 
the  filament  as  well  as  its  brilliance 
is  increased. 

Tungsten  is  a  highly  resistant 
metal  which  when  heated  to  2100° 
gives  off  a  brilliant  white  light.  The 
hotter  the  filament  becomes,  the 
greater  the  percentage  of  the  elec¬ 
trical  energy  that  is  changed  to  light 
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energy.  A  good  lamp  is  made  to  last 
1000  hours.  After  that  time  the  con¬ 
stant  heat  of  the  filament  causes  it  to 
change  into  a  gas  or  to  evaporate. 
When  the  filament,  because  of  the 
evaporation  of  the  tungsten,  becomes 
so  thin  that  it  breaks,  the  lamp  is  no 
longer  useful.  Nitrogen-  or  argon- 
filled  lamps  last  longer  because  the 
pressure  of  these  gases  on  the  fila¬ 
ment  retards  the  evaporation  of  the 
tungsten  (page  215). 

Notice  the  number  of  watts  marked 
on  bulbs.  Incandescent  lamps  are 
graded  by  the  rate  at  which  they  con¬ 
sume  electricity.  A  store  window- 
display  lamp  uses  from  100  to  250 
watts.  Lamps  in  the  home  use  from 
15  to  75  watts.  A  lantern-slide  ma¬ 
chine  uses  about  a  400-watt  lamp. 
Theater  spotlights  use  from  1600- 
to  2000-watt  lamps. 

Switches.  To  get  light  from  your 
lamp  there  must  be  a  flow  of  elec¬ 
trons  or  current  from  the  dynamo  in 
the  power  house  through  the  wire  fila¬ 
ments  inside  your  bulb  and  back  to 
the  dynamo.  An  electric  current  must 
have  a  complete  circuit.  First  the 
main  switch,  usually  located  in  your 
basement,  must  be  closed.  After  this 
you  must  close  another  switch  which 
establishes  a  circuit  through  your 
lamp  bulb.  You  close  this  second 
switch  when  you  press  a  light  button 


The  electric  circuit  through  a  house 


in  the  wall.  Trace  out  the  course  of 
the  current  in  the  diagram  above. 

Fuses.  In  the  basement  of  your 
house  is  a  fuse  box  with  little  sen¬ 
tinels  on  guard  against  danger.  Elec¬ 
tricity,  like  fire,  is  a  useful  servant 
when  kept  under  control,  but  when  it 
gets  out  of  control,  it  is  dangerous. 
We  have  seen  how  electricity  pro¬ 
duces  heat  and  that  the  greater  is  the 
flow  of  current,  the  greater  the  heat¬ 
ing  effect.  Every  electrical  device 
offers  a  resistance  to  the  flow  of  cur¬ 
rent.  If  you  examine  circuit  2,  be¬ 
low,  you  will  see  that  the  wires 


The  main  switch  and  fuses  through 
a  house 


268 


ELECTRICITY  AND  MAGNETISM 


coming  from  the  fuse  box  encounter 
either  a  resistance  through  the  lamp 
or  a  resistance  through  the  toaster. 

Suppose  that  wires  C  and  D  should 
accidentally  touch.  This  may  hap¬ 
pen  when  the  insulation  in  a  lamp 
cord  is  rubbed  away,  causing  the  two 
bare  wires  to  touch.  This  would  pro¬ 
vide  an  easy  path  for  the  current  to 
surge  through.  Electricity,  instead 
of  flowing  through  the  higher  re¬ 
sistance  of  the  lamp  or  toaster,  would 
take  the  easier  path.  We  say  a  short 
circuit  is  produced.  Since  there  is  no 
resistance  to  restrain  the  flow  of  cur¬ 
rent  through  the  short  circuit,  a  large 
current  will  flow  and  produce  a  ter¬ 
rific  heating  effect  in  the  circuit.  If 
there  were  no  protective  device  to  cut 
off  the  current  automatically,  the 
wires  would  melt  or  the  electrical  de¬ 
vice  would  be  ruined  or  a  fire  would 
break  out. 

Down  in  the  fuse  box,  the  fuse  is 
on  the  job.  A  fuse  such  as  A  (  in  the 
drawing)  is  simply  a  cartridge  with 
a  strip  of  fuse  wire  embedded  in  it. 
This  wire  melts,  when  the  heat  de¬ 
veloped  by  the  short  circuit  becomes 
too  great  for  safety.  The  fuse  wire 
is  a  lead  alloy  with  a  low  melting 
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Electric  fuses.  A, 
Cartridge  fuse ;  fiber 
B,  Plug  fuse;  C, 
Fuse  metal  for 
cartridge 
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point.  A  fuse  that  is  rated  at  10  am¬ 
peres  will  melt  when  the  current  in 
the  line  exceeds  a  flow  of  10  am¬ 
peres,  which  will  be  caused  by  a 
short  circuit.  When  a  fuse  melts  or 
“blows,”  it  breaks  the  circuit.  Break¬ 
ing  the  circuit  has  the  same  effect  as 
opening  the  switch.  The  screw-base 
type  of  fuse  (type  B)  is  a  more  con¬ 
venient  form. 

Danger  from  electricity.  A 

harmless-looking  wire  may  be  very 
dangerous  to  handle.  One  should  be 
careful  never  to  touch  a  bare  wire, 
unless  it  is  known  to  be  “dead.”  Elec-  [ 
tricity  passing  through  the  body 
causes  the  muscles  of  the  body  to 
contract.  If  the  current  should  pass 
through  the  heart,  the  heart  muscle 
is  paralyzed  and  death  may  result. 

A  wet  hand  is  a  good  conductor  of 
electricity.  Electrical  fixtures  should 
never  be  handled  with  wet  hands  be¬ 
cause  the  current  may  pass  through 
the  body.  The  higher  the  voltage  the 
greater  the  danger.  There  have  been 
cases  of  fatal  shock  when  a  person 
in  a  bathtub  of  water  reached  up 
with  wet  hands  and  touched  an  elec¬ 
tric  socket  that  carried  the  ordinary 
110  volts.  A  person  standing  on  the 
ground  and  touching  a  live  trolley 
wire  would  provide  an  opportunity 
for  the  current  to  pass  to  the  ground 
through  his  body  (that  is,  he  would 
ground  the  current)  and  would  prob¬ 
ably  be  killed.  A  bird  can  alight  on 
the  wire  without  harm,  because  it 
does  not  touch  anything  else  to  which 
it  can  transmit  the  current  through 
its  body.  A  good  rule  to  remember  in 
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electrical  work  is  to  stand  on  an  in¬ 
sulated  support,  and  to  handle  only 
one  wire  at  a  time.  This  will  avoid 
grounding. 

Experiment  103 

Question :  How  does  electricity  pro¬ 
duce  heat? 

Material:  A  foot  of  bare  No.  36  cop¬ 
per  wire  (bell  wire)  ;  a  few  inches  of 
iron  picture  wire;  iron  support;  three 
dry  cells;  3  or  4  feet  of  bell  wire. 

Directions:  Connect  as  shown  in  the 
figure. 

(a)  Hold  the  free  ends  of  the  bell  wire 
together.  1.  Do  you  feel  any  heat  in  the 
wire? 

( b )  Connect  the  free  ends  of  the  bell 
wire  with  the  No.  36  wire.  2.  Is  there 
heat? 

(c)  Connect  the  ends  of  the  bell  wire 
with  the  picture  wire.  3.  How  do  the  re¬ 
sults  compare  with  those  of  a  and  b? 

Results:  Record  answers  to  1,  2,  and 

3. 

Conclusion:  Heat  is  produced  when 
the  current  meets  resistance.  4.  What 
has  the  diameter  of  the  wire  to  do  with 
resistance?  5.  Which  material  used  of¬ 
fers  greater  resistance? 

Application:  Electric  stoves,  toasters, 
flatirons,  and  other  heating  devices  use 

Questions  to 

1.  In  an  incandescent  bulb,  could 
oxygen  be  used?  Could  helium?  See 
pages  28  and  32. 

2.  Why  do  the  wires  leading  to  an 
electric  bulb  not  give  light  as  does  the 
wire  inside  the  bulb? 

3.  If  you  could  not  find  a  copper 
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the  principle  you  have  just  demon¬ 
strated.  Nichrome,  an  alloy  of  chrom¬ 
ium,  nickel,  and  iron,  is  generally  used 
to  provide  resistance. 

Experiment  104 

Question:  How  does  a  fuse  protect 
the  house? 

Materials:  Dry  cell,  knife  switch;  two 
pieces  of  fuse  wire;  several  feet  of  cop¬ 
per  wire;  compass. 

Directions:  Connect  the  circuit  as 
shown  in  diagram.  The  copper  wire 
is  the  circuit  through  the  house.  Lay  it 
across  the  compass.  Close  the  switch. 
Does  the  compass  needle  move?  What 
does  that  show?  Now  with  your  knife 
or  a  small  piece  of  copper  wire  short- 
circuit  the  long  copper  wire  as  shown  in 
the  diagram.  What  happens? 

Results:  Report  what  happened  when 
you  short-circuited  the  house  circuit. 

Conclusion:  Answer  the  question. 

Application:  Locate  the  fuses  in  your 
circuit  at  home  and  in  your  automobile. 
How  does  each  furnish  protection? 


wire  about  the  house  and  used  a  steel 
wire  to  string  electric  lights,  what  might 
happen? 

4.  How  can  wires  be  “overloaded”? 

5.  Why  should  you  not  replace  a  fuse 
with  a  copper  cent,  when  the  fuse 
blows? 


Chapter  Thirty-seven 

What  Makes  Electricity  Do  Work? 


Putting  the  current  to  work. 

Why  does  a  little  black  instrument 
on  the  end  of  a  wire  enable  you  to 
talk  to  a  person  a  thousand  miles 
away?  How  does  the  little  clicking 
instrument  on  a  telegraph  operator’s 
desk  carry  messages?  What  makes  a 
trolley  car  run  and  a  vacuum  sweep¬ 
er  do  work?  All  things  that  move  by 
electricity  depend  upon  the  power  of 
electricity  to  magnetize  a  piece  of 
iron.  Discovery  of  this  partnership 
between  electricity  and  magnetism 
made  possible  the  age  of  electricity. 

In  1831  Joseph  Henry,  an  Ameri¬ 
can  scientist,  learned  that  an  electric 
current  flowing  through  a  wire 
caused  that  wire  to  become  a  feeble 
magnet.  When  he  wound  several  feet 
of  insulated  wire  into  the  form  of  a 
coil,  he  found  that  he  could  concen¬ 
trate  the  magnetism.  By  using  an 
iron  core  in  the  center  of  the  coil  of 
wire,  he  found  that  his  magnet  be¬ 
came  still  more  powerful.  Such  mag¬ 
nets  are  called  electromagnets.  Near 
his  electromagnet  Henry  placed  a 
piece  of  steel;  and  when  he  passed 
electricity  through  the  electromag¬ 
net,  the  piece  of  steel  was  pulled 
toward  the  magnet,  and  an  extension 
of  it  struck  against  a  gong.  Thus  he 
discovered  the  principle  of  the  elec¬ 
tric  bell  and  telegraph,  but  he  left 
their  development  to  other  scien¬ 
tists.  Large  electromagnets  are  now 


used  for  handling  masses  of  iron 
weighing  several  tons.  You  can  easily 
make  an  electromagnet  by  wrapping 
some  insulated  wire  around  a  nail 
and  connecting  with  a  cell. 

The  right-hand  rule.  If  you 
bring  one  end  of  your  electromagnet 
near  a  freely  swinging  bar  magnet, 
you  will  notice  that  one  end  of  your 
electromagnet  will  attract  the  north 
pole  and  repel  the  south  pole.  This 
shows  that  this  end  is  a  south  pole 
and  the  other  end  is  a  north  pole.  If 
you  disconnect  the  wires  on  the  dry 
cell  and  reverse  the  wires  (see  the 
diagram  on  this  page)  so  that  the 
current  flows  through  the  coil  in  the 
opposite  direction,  you  will  notice 
that  the  former  north  pole  of  your 
coil  is  now  a  south  pole  and  the  for¬ 
mer  south  pole  becomes  a  north  pole. 
In  other  words,  there  is  a  definite 
relation  between  the  direction  of  the 
current  in  the  coil  and  the  polarity  of 
the  electromagnet.  A  rule  for  find- 


A  homemade  electromagnet 
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This  large  electromagnet  lifts  many  tons 


ing  the  north  pole  of  any  electromag¬ 
net  is  this:  Grasp  the  coil  with  your 
right  hand,  having  the  fingers  point¬ 
ing  in  the  direction  of  the  current  in 
the  wire;  then  the  thumb  will  point 
to  the  north  pole  of  the  magnet .  This 
is  known  as  the  right-hand  rule.  The 
current  in  a  wire  is  said  to  flow  from 
the  plus  terminal  (carbon,  in  the 
center)  of  a  dry  cell  to  a  minus  ter¬ 
minal  (zinc,  on  the  outside). 

Strength  of  electromagnets.  If 
you  connect  your  nail  electromagnet 
to  two  dry  cells  instead  of  one,  you 
can  tell  that  its  magnetic  force  is 
doubled,  because  it  picks  up  twice  as 
many  nails.  An  increase  of  current 
increases  the  power  of  attraction. 

If  you  had  only  one  cell  and 
wanted  to  increase  the  strength  of  the 
magnet,  you  could  do  so  by  winding 

more  turns  of  wire  around  the  nail. 
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Twice  the  number  of  turns  will 
double  the  force  of  attraction. 

Soft-iron  cores  make  stronger 
electromagnets  than  cores  of  any 
other  material.  To  concentrate  the 
magnetic  force,  electromagnets  are 
wound  around  cores  which  are  bent 

: 

into  the  shape  of  horseshoes. 

How  the  telegraph  works.  The 
telegraph  system  we  now  use  was  de¬ 
vised  in  1832  by  Samuel  F.  B. 

Morse.  But  it  was  not  until  May  24, 

1844,  that  the  famous  message 
“What  hath  God  wrought?”  was  sent 
successfully  by  Morse  from  Wash¬ 
ington  to  Baltimore.  Today  the  tele¬ 
phone  and  the  radio  have  supplanted 
the  telegraph  to  a  great  extent;  yet 
there  is  hardly  a  town  in  this  coun¬ 
try  that  has  not  a  telegraph. 

If  you  hold  a  piece  of  iron  near 
the  end  of  an  electromagnet  and 
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Fig.  A.  The  principle  of  the  telegraph.  When 
the  wire  is  touched  to  the  binding  post,  the 
electromagnet  formed  by  the  coil  and  nail  at¬ 
tracts  the  iron.  Fig.  B.  When  the  operator 
pushes  down  the  key  (a)  to  the  contact  (c)  the 
circuit  is  closed  and  the  lever  bar  in  the 
sounder  at  the  receiving  station  is  drawn  down. 
The  switch  (b)  is  kept  closed  when  no  message 
is  being  sent,  (d)  binding  posts  for  wires,  (e)  ad¬ 
justment  screws.  Fig.  C.  A  telegraph  sounder. 
The  current  enters  and  leaves  by  the  binding 
posts  (d).  The  armature  (b)  is  fastened  directly 
to  the  lever  bar  (c),  and  both  move  together  as 
the  armature  is  drawn  to  and  then  moves  back¬ 
ward  from  the  poles  of  the  horseshoe  electro- 
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magnet  (a)  below.  A  spring  acts  on  the  short  arm  of  the  lever  bar  in  oppo¬ 
sition  to  the  magnetic  pull.  Adjustment  screws  are  indicated  by  (e) .  Fig.  D. 
A  telegraph  circuit.  The  key  is  at  the  sending  station  and  the  sounder  at  the 
receiving  station 


connect  the  ends  of  the  coil  to  a  dry 
cell,  the  iron  will  be  drawn  to  the 
magnet  with  a  click.  If  you  break  the 
circuit,  the  force  of  your  hand  will 
pull  the  iron  back  (Fig.  A).  Every 
time  you  complete  the  circuit  the 
movable  iron,  called  the  armature , 
is  pulled  down.  When  you  break  the 
circuit,  the  electromagnet  loses  its 
hold  on  the  armature  and  your  hand 
pulls  the  armature  back  to  its  origi¬ 
nal  position. 

In  the  telegraph  the  part  that  acts 
as  a  switch  to  open  and  close  the  cir¬ 
cuit  is  called  the  key ;  it  is  located  at 
the  sending  station  (Fig.  B) .  The  key 
is  connected  with  wires  to  a  source 
of  current,  then  to  the  receiving 
station  where  the  sounder ,  consisting 
of  an  electromagnet  and  an  arma¬ 


ture,  is  located  (Fig.  C).  When  the 
key  is  pressed  in  one  station,  the  cur¬ 
rent  flows  and  causes  the  electromag¬ 
net  in  the  other  stations  to  attract 
the  armature  of  the  sounder.  The  ar¬ 
mature  will  click  against  the  metal 
frame.  When  the  key  is  released  at 
the  sending  station,  the  current  stops 
flowing  through  the  electromagnet  of 
the  sounder  at  the  receiving  station, 
and  a  spring  pulls  the  armature  back. 
As  it  springs  back,  it  hits  the  upper 
part  of  the  metal  frame.  This  causes 
another  click  (Fig.  D).  If  two  clicks 
are  close  together,  the  symbol  is  a 
dot.  If  the  time  between  the  two  is  a 
little  longer,  it  is  a  dash.  Combina¬ 
tions  of  dots  and  dashes  represent 
letters  of  the  alphabet.  Two  wires 
may  be  used  to  form  a  circuit,  or 
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Western  Union 


How  have  “carrier  waves”  increased  the  number  of  telegrams  that  can  be  sent 
from  one  city  to  another? 


only  one  grounded,  the  earth  serving 
as  a  return. 

In  the  teletype  the  message  is 
spelled  out  on  a  machine,  like  a 
typewriter,  which  operates  a  ma¬ 
chine  at  the  far  end  of  the  line  which 
in  turn  types  out  the  message.  A 
large  number  of  stations  may  re¬ 
ceive  the  message  at  the  same  in¬ 
stant.  The  teletype  is  widely  used  by 
news  bureaus  and  the  police. 

With  the  use  of  “carrier  waves” 
similar  to  radio,  large  numbers  of 
messages  may  be  sent  over  the  same 
wire  at  the  same  instant.  An  “elec¬ 
tric  brain”  sorts  out  the  messages, 
routing  each  to  its  destination  by  a 
symbol  that  begins  the  message. 

The  electric  doorbell.  The  mov¬ 
able  part  of  the  electric  bell,  carry¬ 
ing  the  hammer  which  strikes  the 
bell,  is  called  the  armature.  Attached 
to  the  armature  is  a  brass  spring  that 
causes  the  armature  to  rest  against 
the  contact  point.  The  lower  end  of 
the  armature  is  connected  by  a  wire 


to  a  horseshoe  electromagnet.  The 
other  end  of  the  electromagnet  is 
joined  to  a  push  button ,  or  switch . 
The  switch  is  connected  to  a  dry  cell, 
and  the  cell  to  the  contact  point. 
Trace  all  these  connections  in  the 
figure  below. 

When  the  spring  is  resting  against 
the  contact  point  and  the  push  button 
pressed,  current  will  flow  through  the 
electromagnet.  The  magnetic  force 
of  the  magnet  will  pull  the  armature 
away  from  the  contact  point  toward 


Showing  how  an  electromagnet  rings 
the  bell.  What  happens  to  the  arma¬ 
ture  when  the  button  is  pushed? 
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PUSH  BUTTON  NO.  1 


PUSH  BUTTON  No.  2 


Explain  how  either  of  two  buttons 
may  ring  one  bell 


the  magnet.  This  action  causes  the 
hammer  to  strike  the  gong.  At  this  in¬ 
stant,  however,  the  circuit  is  broken 
because  the  armature  has  been 
moved  away  from  the  contact  point. 
The  electromagnet,  therefore,  loses 
its  magnetism.  The  spring  then 
causes  the  armature  to  be  pulled 
back  to  the  contact  point  so  that  the 
circuit  is  remade.  These  rapid 
“makes”  and  “breaks”  in  the  cur¬ 
rent,  causing  rapid  vibrations  of  the 
armature,  cease  when  the  push  but¬ 
ton  is  released. 

It  is  sometimes  necessary  to  have 
two  push  buttons,  situated  in  differ¬ 
ent  rooms  of  the  house,  operating  one 
bell  from  the  same  dry  cell.  The 
drawing  shows  how  this  can  be  done. 
Can  you  arrange  two  push  buttons 
to  ring  two  different  bells  from  the 
same  dry  cell? 

How  the  telephone  works.  The 

telephone  was  invented  in  1875  by 
Dr.  Alexander  Graham  Bell.  To  un¬ 
derstand  the  operation  of  a  simple 
telephone,  we  must  first  examine  the 
parts. 

The  part  of  the  telephone  that  we 
talk  into  is  called  the  transmitter. 


Its  secret  is  a  box  that  is  filled  with 
grains  of  carbon.  One  wire  is  con¬ 
nected  to  the  front  of  this  box  and 
another  wire  to  the  rear  of  the  box. 

A  metal  diaphragm,  which  catches 
the  sound  waves  in  the  air  that  are 
spoken  into  the  mouthpiece,  is  at¬ 
tached  to  the  front  of  the  carbon  box. 
Air  waves  or  vibrations  are  set  up 
when  we  speak  so  that  the  air  at  any 
point  varies  in  density  several  times 
a  second.  Each  compression  of  the 
air  pushes  the  carbon  particles  closer 
together.  This  reduces  the  resistance 
and  makes  it  easy  for  the  current  to 
flow  through  the  transmitter.  As  the 
air  becomes  less  dense,  the  carbon 
particles  spring  back  to  their  original  1 
position.  This  makes  it  more  difficult 
for  an  electric  current  to  pass  through 
the  carbon  box,  and  thus  the  current 
is  decreased  for  an  instant.  Thus 
when  you  sing  the  middle  c,  256  pul¬ 
sations  a  second  are  set  up  in  the  air. 
These  vibrations  cause  the  disk  to  vi¬ 
brate  back  and  forth  256  times  a  sec¬ 
ond.  This  means  that  the  carbon  par¬ 
ticles  are  compressed  and  separated 
256  times  a  second.  This  causes  a 
current  to  pulsate  256  times  a  second  \ 
to  the  receiver  at  the  other  end  of  the 
line. 

The  receiver  of  a  telephone  con¬ 
sists  of  an  electromagnet,  usually 
horseshoe-shaped.  Supported  near 
the  magnet  is  an  iron  disk,  or  dia¬ 
phragm.  The  pulsating  current  from 
the  transmitter  is  sent  to  the  coils  of 
the  receiver.  Every  time  the  current 
is  increased,  the  magnetism  is  made 
stronger  and  the  iron  disk  is  pulled 
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The  diagram  shows  the  parts  of  telephone  instrument 


in  closer  to  the  magnet.  When  the 
current  becomes  weaker,  the  dia¬ 
phragm  springs  back  into  place. 
When  the  current  changes  intensity 
256  times  a  second,  the  disk  of  the 
receiver  will  be  pulled  toward  the 
magnet  and  then  released  256  times 
a  second.  This  will  set  up  air  waves 
in  front  of  the  disk  at  the  rate  of  256 
a  second.  The  ear  near  this  disk  will 
receive  these  air  waves  whose  pitch 
will  be  the  same  as  the  note  that  was 
sung  into  the  transmitter.  The  listen¬ 
ing  person  will  hear  the  note  c. 

The  public  address  system  used 
to  enable  a  large  crowd  to  hear  a 
speaker  is  a  modified  telephone  sys¬ 
tem.  The  transmitter  is  a  microphone 
which  in  effect  is  a  telephone  trans¬ 
mitter,  but  much  more  delicate.  An 
amplifier  increases  the  current.  The 
telephone  receiver  is  replaced  by  a 
loud  speaker  which  works  on  similar 
principles,  but  which  sets  up  heavier 
vibrations  and  therefore  makes  a 
louder  sound. 

Electrical  energy  changed  into 
mechanical  energy.  One  of  the 


Telephone  transmitter  unit 


Telephone  receiver  unit 

most  useful  of  all  electrical  devices, 
depending  for  its  operation  on  the 
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electromagnet,  is  the  electric  motor. 
The  electric  fan,  the  vacuum  cleaner, 
the  street  car,  the  electric  refrigera¬ 
tor,  the  electric  shovel  and  dredge, 
the  tunnel  and  building  ventilating 
systems,  the  elevators  of  buildings, 
the  escalators  (moving  stairways), 
and  hundreds  of  other  devices  de¬ 
pend  upon  electric  motors.  In  all 
these  cases  the  energy  of  electricity 
is  made  to  move  things  about.  To  do 
this,  the  energy  of  electricity  is  trans¬ 
formed  into  moving  or  mechanical 
energy  by  the  electric  motor. 

How  the  electric  motor  works. 
If  you  magnetize  two  pieces  of  iron, 
their  like  poles  will  repel  each  other 
and  their  unlike  poles  will  attract 
each  other.  Magnetic  attraction  and 
repulsion  turns  the  electric  motor.  In 
the  electric  motor  the  iron  is  mag¬ 
netized  by  electric  currents,  that  is, 
electromagnets  are  used. 

Now  look  at  the  figures.  A  station¬ 
ary  magnet  is  called  the  field  magnet. 
In  the  motor,  this  is  an  electromagnet, 
but  it  is  shown  here  without  the  coil  of 
wire.  Another  electromagnet,  called 
the  armature ,  rotates  between  the 
poles  of  the  field  magnet.  In  the  dia- 


The  principle  of  the  electric  motor: 
like  poles  repel,  unlike  poles  attract 


gram  the  armature  is  shown  wrapped 
with  a  coil  of  wire.  When  the  current 
goes  through  the  armature,  it  be¬ 
comes  a  magnet.  Its  north  pole  is  then 
repelled  by  the  north  pole  of  the 
field  magnet  and  its  south  pole  is  at¬ 
tracted  to  the  north  pole  of  the  field 
magnet.  The  armature  rotates.  When 
the  north  pole  of  the  armature 
reaches  the  south  pole  of  the  field 
magnet,  the  rotation  should  stop. 
But  the  current  is  then  sent  through 
the  coil  in  the  opposite  direction,  and 
the  pole  of  the  armature  that  was 
north  becomes  a  south  pole  and  the 
pole  that  was  south  becomes  a  north 
pole.  The  new  like  poles  repel,  the 
new  unlike  poles  attract,  and  the 
armature  turns  still  farther.  If  the 
direction  of  the  current  in  the  coil 
is  reversed  every  half  turn,  the 
armature  will  keep  on  turning. 

How  do  we  reverse  the  current  in 
the  armature?  Look  at  the  figure. 
The  wires  of  the  armature  are  at¬ 
tached  to  two  half  rings  A  and  B. 
These  half  rings  are  called  the  com¬ 
mutator.  They  turn  with  the  arma¬ 
ture.  Touching  the  commutator  are 


Why  the  motor  keeps  turning.  The 
poles  of  the  armature  are  reversed 
every  half  turn.  How? 
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two  metal  strips  or  two  carbon  blocks 
called  brushes.  The  brushes  lead  the 
current  into  and  out  of  the  motor. 
When  one  half  of  the  commutator  A 
is  in  contact  with  the  upper  brush 
and  the  other  half  B  is  in  contact  with 
the  lower  brush,  the  current  flows 
through  the  armature  in  one  direc¬ 
tion.  When  the  commutator  is  turned 
halfway  round,  B  is  in  contact  with 
the  upper  brush  and  A  with  the  lower 
brush.  Then  the  current  flows  through 
the  armature  in  the  opposite  direc¬ 
tion.  Every  time  the  direction  of  the 
current  is  changed  in  the  armature 
the  north  and  south  poles  of  the 
armature  change  ends. 

Experiment  105 

Question:  How  can  I  make  an  elec¬ 
tromagnet? 

Materials:  A  large  nail;  some  small 
nails  or  iron  filings;  some  insulated 
wire;  a  dry  cell. 

Directions:  (a)  Wrap  several  turns  of 
insulated  wire  around  the  large  nail. 
Connect  each  end  of  the  wire  to  the  dry 
cell.  Bring  the  nail  to  the  small  nails  or 
iron  filings.  1.  Is  there  any  evidence  of 
magnetism?  2.  Bring  large  nail  to  a 
compass.  Which  is  the  north  and  which 
the  south  pole  of  the  electromagnet? 

(6)  Disconnect  the  wires  at  the  dry 
cell  and  connect  to  opposite  poles  of  the 
cell.  3.  Test  as  before.  Unwind  the  wire 
and  wind  it  in  the  reverse  direction.  4. 
Again  test  it.  5.  Determine  the  north  pole 
of  the  electromagnet  by  the  right-hand 
rule  (see  page  270) . 

Results:  What  happened  in  the  ex¬ 
periment? 

Conclusion:  How  is  an  electromagnet 
made?  What  effect  has  the  direction  of 
the  current? 


A  homemade  telegraph  instrument 


Experiment  106  (Optional) 

How  to  make  a  telegraph  instrument. 
Arrange  the  apparatus  as  shown  in  the 
diagram.  The  sounder  is  a  hinge.  If  it 
is  not  free  enough  to  fall  easily,  tack  a 
rubber  band  to  the  bottom  board  and 
carry  it  over  the  free  end  of  the  hinge. 
To  make  a  dot,  push  down  the  key  and 
release  it  immediately.  To  make  a  dash, 
hold  down  the  key  for  a  moment. 

Experiment  107 

Question:  How  is  an  electric-bell  cir¬ 
cuit  connected? 

Materials:  Dry  cell;  insulated  bell 
wire;  electric  bell;  push  button. 

Directions:  (a)  With  two  pieces  of 
wire  connect  the  bell  and  dry  cell  so 
that  the  bell  rings.  Try  it  until  you  work 
it  out. 

( b )  Take  the  push  button  apart  and 
see  why  it  works.  Connect  the  push  but¬ 
ton  in  the  circuit. 

(c)  Work  out  a  system  for  ringing 
one  bell  from  either  of  two  push  but¬ 
tons.  Try  it  until  you  make  it  work. 

Results:  Draw  diagrams,  fully  la¬ 
beled,  of  a,  b,  and  c.  Show  clearly  to 
which  binding  posts  each  wire  is  con¬ 
nected  in  a  and  b. 

Conclusions:  Answer  the  question. 

Application:  If  your  electric  bell  does 
not  work,  in  what  places  would  you  look 
for  the  trouble?  Work  out  a  method  of 
ringing  the  same  bell  from  buttons  at 
both  the  front  and  rear  doors. 
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How  a  telephone  receiver  works 
Experiment  108 

How  a  telephone  transmitter  works . 
Attach  wires  to  two  light  carbons  like 
the  “leads”  from  pencils  or  small  car¬ 
bons  for  arc  lights.  Lay  them  on  a  cigar 
box  and  lay  a  third  across  them.  Lead 
one  wire  from  a  carbon  to  a  telephone 
receiver.  Attach  the  second  wire  to  a 
dry  cell.  Connect  the  receiver  to  the  dry 
cell  with  a  third  wire  somewhat  as  in 
diagram  below.  Hold  the  telephone  re¬ 
ceiver  to  your  ear  while  you  tap  the  box 
gently.  Then  lay  a  watch  on  the  box. 
The  slight  vibration  of  the  carbons 
makes  and  breaks  the  current.  This  ac¬ 
tion  is  similar  to  that  of  the  carbon  but¬ 
ton  in  the  transmitter  of  the  telephone 
(page  275) . 

How  a  telephone  receiver  works.  At¬ 
tach  one  end  of  a  piece  of  insulated 
wire  to  a  telephone  receiver  and  the 
other  to  a  dry  cell.  Attach  one  end  of  a 
second  piece  of  wire  to  the  receiver  and 
the  other  end  to  the  iron  handle  of  a 
file.  Attach  a  third  piece  of  wire  to  the 
remaining  pole  of  the  dry  cell  and  leave 
the  other  end  free.  Put  the  receiver  to 
your  ear.  Scrape  the  free  end  of  wire 
along  the  file.  Electrical  contact  is  made 


only  when  the  wire  touches  the  ridges. 
What  do  you  hear?  Unscrew  the  cap  of 
the  receiver  and  examine  the  electro¬ 
magnet  inside. 

Experiment  109  (Optional) 

To  make  an  electric  motor.  Around  a 
cork  about  two  inches  long  wrap  about 
20  turns  of  No.  22  insulated  wire  to 
form  a  coil.  Cut  two  pieces  of  bare  cop¬ 
per  wire  (about  No.  18) .  Push  them  into  \ 
the  ends  of  the  cork.  Fasten  the  ends  of 
the  coil  to  the  short  wires.  Thrust  a 
knitting  needle  clear  through  the  cork, 
so  that  it  projects  from  both  ends.  This 
is  our  “armature.”  Support  the  arma¬ 
ture  that  you  just  made  on  the  ends  of 
the  knitting  needle  as  in  the  drawing. 
Stand  a  horseshoe  magnet  over  the  arm¬ 
ature.  Connect  wires  to  the  dry  cells  as 
shown.  Touch  the  bared  ends  of  the  cell 
wires  to  the  short  wires  to  which  the  coil 
is  attached.  If  the  armature  does  not 
turn,  try  adding  more  dry  cells  and 
magnets. 


An  apparatus  which  shows  how  a 
motor  moves 


Questions  to  Think  Out 


1.  In  telephoning  from  New  York  to 
Los  Angeles,  how  far  do  the  sound 
waves  travel?  In  telephoning  from  New 
York  to  London  by  radio?  Will  waves 
travel  around  the  earth? 

2.  In  installing  a  one-wire  telephone 
in  a  station  in  the  woods,  a  ranger  was 
careful  to  place  the  incoming  wire 


where  it  would  be  dry  and  insulated, 
but  ran  the  ground  wire  into  a  brook 
bed.  Why? 

3.  Would  a  steel  rod  do  as  well  as  an 
iron  core  in  an  electromagnet? 

4.  How  many  appliances  around 
your  home  and  school  use  electric  mo¬ 
tors? 


Chapter  Thirty-eight 

How  We  Get  Electric  Power 


The  dynamo  or  generator. 

The  electric  energy  that  supplies  our 
houses  and  cities  could  not  be  ob¬ 
tained  from  chemical  energy  in  bat¬ 
teries  such  as  we  have  studied.  Our 
large  supplies  of  electrical  energy 
come  from  the  energy  of  burning 
coal  or  the  energy  of  falling  water. 
The  dynamo  or  generator  converts 
such  energy  into  electrical  energy. 

We  owe  the  dynamo  to  the  Eng¬ 
lish  scientist,  Michael  Faraday 
(1791-1867).  Faraday  made  many 
investigations  in  physics  and  chem¬ 
istry,  but  we  remember  him  best  for 


his  discovery  of  an  efficient  way  of 
getting  electricity  in  large  quantities. 

It  was  known  that  an  electric  cur¬ 
rent  in  a  coil  of  wire  makes  a  magnet 
or  produces  a  magnetic  field.  Fara¬ 
day  wondered,  “Could  I  reverse  the 
process  and  get  an  electric  current 
from  a  magnet  and  a  coil  of  wire?” 
He  connected  a  coil  of  wire  to  an  in¬ 
strument  which  is  used  to  detect 
feeble  electric  currents,  called  a 
galvanometer ,  shown  in  Fig.  A 
on  page  281.  When  the  coil  was 
turned  between  the  poles  of  the 
magnet,  a  current  was  induced  in  the 


A  dynamo,  with  its  parts 
disassembled  at  the  left. 
The  upper  picture  shows 
the  stationary  field  coils; 
below,  the  armature  which 
rotates  between  the  coils 
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coil.  This  little  experiment  was  the 
basis  for  the  dynamo.  Dynamos  con¬ 
sist  essentially  of  the  same  pieces  of 
apparatus  that  Faraday  used,  ex¬ 
cept  that  they  are  built  on  a  larger 
scale.  Instead  of  a  horseshoe  mag¬ 
net,  powerful  electromagnets  are 
used.  Turning  between  these  mag¬ 
nets  are  many  coils  of  wire  (see 
page  279).  These  coils  end  either 
in  a  commutator  (Fig.  C,  page  281), 
or  two  metal  rings  called  slip  rings 
(Fig.  B).  Brushes  touching  the  com¬ 
mutator  or  slip  rings  carry  away  the 
electricity  that  is  produced  in  the 
armature  coils.  The  brushes  have 
wires  connected  to  them  which  con¬ 
duct  the  electricity  through  electric 
cables  to  our  homes  and  factories. 

The  parts  of  a  dynamo  are  exactly 
the  same  as  the  parts  of  a  motor. 
There  is  only  one  difference.  Elec¬ 
trical  energy  is  fed  to  the  motor, 
which  transforms  it  into  the  mechan¬ 
ical  energy  of  the  turning  armature. 
In  the  dynamo  exactly  the  reverse 
occurs.  We  feed  mechanical  energy 
into  it  by  turning  the  armature;  the 
dynamo  transforms  this  mechanical 
energy  into  electrical  energy.  The 
armatures  of  dynamos  are  turned  by 
steam  or  water  power. 

Alternating  current.  As  the  coil 
of  an  armature  of  the  dynamo  turns 
around  halfway,  a  current  is  pro¬ 
duced  in  a  certain  direction.  When 
the  coil  completes  the  second  half  of 
its  turn,  it  is  found  that  the  current 
flows  in  the  opposite  direction.  For 
each  complete  turn  that  the  armature 
makes  a  current  is  produced  in  the 


coils  which  changes  its  direction 
twice.  Each  end  of  the  coil  is  at¬ 
tached  to  a  slip  ring  (Fig.  B).  The 
brushes  which  lean  against  these 
slip  rings  pick  up  a  current  which  t 
flows  first  one  way  and  then  the 
opposite  way.  Such  a  current  is  called 
an  alternating  current  (A.  C.) .  A  60- 
cycle  A.  C.  current  is  one  which 
changes  direction  60  times  a  second. 

Direct  current.  When  the  end  of 
the  armature  coil  of  a  dynamo  is  at-  | 
tached  to  a  ring  split  in  two,  called  ! 
a  commutator,  we  obtain  a  current  at 
the  brushes  which  flows  in  one  di¬ 
rection  only  (Fig.  C).  This  flow  is  ! 
called  a  direct  current  (D.  C.). 

Although  the  direction  of  the  cur¬ 
rent  in  the  armature  coil  still  changes 
at  each  half  turn,  the  commutator  1 
also  turns  round  each  half  turn.  As  ! 
a  result,  when  the  current  does 
change  its  direction,  that  current  is 
fed  to  the  opposite  brush,  and  con¬ 
tinues  to  go  through  the  circuit  in  the 
same  direction  (Fig.  C).  The  brush 
from  which  the  current  leaves  the  dy¬ 
namo  is  called  the  positive  or  plus 
brush.  The  brush  to  which  the  cur¬ 
rent  returns  to  the  generator  is  called 
the  negative  or  minus  brush. 

Heating  devices  or  electric  lamps 
may  use  either  A.  C.  or  D.  C.  How-  j 
ever,  a  D.  C.  motor  should  usually 
be  supplied  with  a  direct  current  and  ; 
an  A.  C.  motor  should  be  fed  by  an 
alternating  current.  Universal  mo¬ 
tors  may  be  operated  by  either  type. 

The  sun  turns  the  dynamo. 
Whether  the  power  that  turns  the  dy¬ 
namo  comes  from  burning  coal  or 
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Figure  A.  The  principle  of  a  dynamo.  A  current  develops  when  a  coil  is 
turned  between  the  poles  of  a  magnet.  Fig.  B.  Diagram  of  an  alternating  cur¬ 
rent  dynamo.  Figure  C.  Diagram  of  a  direct  current  dynamo 


from  falling  water,  the  power  comes 
from  the  sun.  Today  our  electricity 
is  largely  obtained  from  generators 
whose  armatures  are  turned  by  steam 
engines.  Coal  comes  from  trees  that 
decayed  thousands  of  years  ago.  The 
trees  got  their  energy  to  grow  from 
the  sun.  The  solar  energy  that  has 
been  stored  up  in  coal  turns  the  elec¬ 
tric  generator  that  runs  our  ma¬ 
chinery  and  lights  our  cities. 

The  snows  melting  on  the  tops  of 
high  mountains  have  been  called 
white  coal .  Melting  snow  forms 
rivers  which  flow  down  the  mountain 
sides.  This  falling  water  or  water 
power  is  used  to  turn  machinery  or 
dynamos.  Falling  water,  like  coal,  is 
transformed  sun  power.  The  heat  of 
the  sun  evaporated  the  water  that 
later  fell  as  rain  or  snow  on  the 
mountain  top.  The  sun  is  the  great 
source  of  power  for  the  earth. 

Questions  to 

1.  Trackless  trolley  cars,  which  are 
really  rubber-tired  busses  driven  by 
electricity,  have  two  trolley  poles  and 
two  wires  overhead.  Why? 

2.  Why  is  a  short  circuit  likely  to 
set  your  house  afire? 

3.  Tell  several  ways  by  which  you 


Experiment  110 

Question:  How  do  a  magnet  and  a 
coil  of  wire  generate  electricity? 

Materials:  A  coil  of  several  hundred 
turns  of  copper  wire;  a  galvanometer; 
a  bar  magnet. 

Directions:  Connect  the  ends  of  the 
wire  coil  to  the  galvanometer  (Fig.  A). 

(а)  Thrust  the  bar  magnet  through 
the  coil  while  you  watch  the  needle  of 
the  galvanometer. 

(б)  Hold  the  bar  magnet  still  in  the 
coil  and  note  the  galvanometer. 

(c)  Watch  the  galvanometer  as  you 
withdraw  the  bar  magnet  from  the  coil. 

Results:  What  happened  in  a,  b,  and 
c  above? 

Conclusion:  Does  the  magnet  pro¬ 
duce  a  current  in  the  coil  when  it  is 
held  still?  when  in  motion?  What  ef¬ 
fect  on  the  current  is  produced  by  re¬ 
versing  the  direction  of  motion?  Recall 
the  lines  of  magnetic  force  in  Experi¬ 
ment  96.  The  current  is  produced  when 
the  lines  of  force  move  across  the  coil 
of  wire. 

Think  Out 

can  determine  if  a  current  is  passing 
through  a  wire. 

4.  Why  can  you  not  charge  your  au¬ 
tomobile  battery  directly  from  your 
house-lighting  circuit? 

5.  Could  you  use  your  house  current 
for  electroplating? 
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Radio  is  not  all  concerts  and  jazz, 
plays  and  bedtime  stories.  A  speech 
by  our  president  or  a  European  pre¬ 
mier  keeps  statesmen  and  bankers  at 
the  radio,  too  anxious  to  wait  for 
cablegrams.  A  frost  warning  from 
the  Weather  Bureau  starts  a  thous¬ 
and  fires  in  the  orchards  of  Cal¬ 
ifornia.  A  crop  forecast  sends  prices 
up  or  down.  A  call  of  distress  from  a 
ship  at  sea  sends  other  ships  hurry¬ 
ing  to  the  scene.  A  radio  signal  from 
an  observing  plane  or  a  lone  soldier 
changes  a  barrage  of  artillery  fire 
and  perhaps  the  course  of  history. 

The  discovery  of  electric 
waves.  A  Scottish  scientist,  Clerk- 
Maxwell,  reasoning  from  mathe¬ 
matics,  said  in  1868  that  light  was 
electric  waves.  Twenty  years  later  a 
German,  Heinrich  Hertz,  discovered 
the  waves.  At  one  end  of  his  labora¬ 
tory  Hertz  set  an  induction  coil,  a 
device  that  produces  electric  sparks. 
At  the  other  end  he  held  a  loop  of 
wire  with  a  gap  in  it  about  a  quarter 
of  an  inch  wide.  Hertz  noticed  that 
when  the  induction  coil  sparked  at 
one  end  of  the  room,  a  spark  jumped 
across  the  gap  in  the  wire  loop  at  the 
other  end  of  the  room,  although  the 
loop  was  not  connected  with  the  in¬ 
duction  coil.  That  was  the  first  radio 
message.  Electric  waves  crossed  the 
laboratory  from  the  induction  coil  to 
the  loop  and  reproduced  the  spark. 


Radio  waves  are  sometimes  called 
Hertzian  waves  in  honor  of  their  dis-  | 
coverer. 

Sending  messages  by  electric  i 
waves.  A  young  Italian  scientist, 
Guglielmo  Marconi,  searched  for  a 
way  to  send  messages  by  the  Hertzian 
waves.  A  French  scientist  had  suc¬ 
ceeded  in  ringing  a  bell  in  a  distant 
part  of  his  house.  Marconi  succeeded 
in  sending  a  wireless  message  across 
the  English  Channel,  and  in  1901 
from  England  to  Newfoundland. 

In  Marconi’s  system  a  key  open¬ 
ing  and  closing  a  circuit  in  an  induc¬ 
tion  coil  discharges  sparks.  A  spark 
is  a  surge  of  electrons.  At  each  spark 
electric  waves  surge  out  through  the 
air  and  space  as  light  waves  do,  for 
light  is  electric  waves.  To  send  waves 
clear  across  the  ocean,  powerful 
waves  are  needed.  One  end  of  the 
spark  gap  is  connected  to  a  string  of 
wires  high  above  the  ground,  the 
aerial.  The  other  end  of  the  gap  is 
connected  with  the  ground.  Every 
time  the  key  is  pressed  electric  waves  i 
leaves  the  wires  of  the  aerial  and 
pass  around  the  earth  just  as  light 
waves  pass  from  the  wire  in  an  elec¬ 
tric  bulb.  The  spark  system  is  now 
rarely  used. 

Wave  length  and  frequency. 

Electrical  waves  differ  in  wave 
length.  The  longest  waves  are  those 
used  for  radio  and  wireless.  Shorter 
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X-ray  photograph  of  the  chest  and 
method  of  taking  X-ray  photography 


waves  are  the  infra-red  or  heat  waves . 
We  can  detect  these  waves  with  our 
skin.  The  eye  is  sensitive  to  still 
shorter  waves,  the  light  waves. 
Shorter  yet  are  the  ultra-violet  waves 
that  affect  photographic  plates  and 
tan  our  skins.  They  are  too  short  for 
the  eye  to  detect.  Shorter  still  are  the 
X  rays.  They  have  a  wave  length  so 
short  that  they  penetrate  the  flesh. 
They  do  not  penetrate  the  bones  so 
readily,  however,  and  the  shadows 
cast  by  the  bones  make  X-ray  photo¬ 
graphs.  The  smallest  rays  that  we 
know  are  called  cosmic  rays ,  discov¬ 
ered  by  Dr.  Robert  Millikan.  Cos¬ 
mic  rays  are  believed  to  come  to  the 
earth  from  outer  space. 

The  length  of  some  light  waves  is 
less  than  a  billionth  of  an  inch,  while 
wireless  or  radio  waves  vary  from  a 
few  feet  to  several  miles  in  length. 
The  metric  system  is  more  generally 
used  in  speaking  of  scientific  mat¬ 
ters.  Broadcasting  commonly  uses 
300  to  600  meters,  while  30,000 
meters  may  be  used  across  the  ocean. 

Electric  waves,  whether  of  light, 
heat,  or  radio,  have  the  same  velocity 
or  speed.  When  the  waves  are  long, 
as  in  radio,  the  number  of  waves 
sent  out  in  a  second  is  less  than  when 


they  are  short.  The  number  of  waves 
a  second  is  called  the  frequency. 
Frequency  is  the  number  of  times 
the  electrons  in  the  wave  swing  back 
and  forth  in  a  second.  The  term 
cycles  per  second  is  often  used  to 
express  the  frequency.  The  fre¬ 
quency  of  radio  waves  varies  from 
100,000  to  600,000,000  cycles  a 
second.  These  numbers  are  so  large 
that  the  term  kilocycle  is  used,  kilo 
meaning  thousand ;  10  kilocycles  is 
10,000  cycles. 

Radio  broadcasting.  In  broad¬ 
casting  electric  waves  that  encircle 
the  globe  are  substituted  for  air 
waves  from  the  human  voice  that  will 
not  carry  a  quarter  of  a  mile.  The 
broadcaster  speaks  into  a  micro¬ 
phone,  which  resembles  a  very  deli¬ 
cate  telephone  transmitter.  Sound 
waves  of  the  voice  there  set  up  a 
varying  electric  current  as  in  the  tele- 


Chicago  Board  of  Education 


Pupils  presenting  a  play  by  radio.  Note  the  microphones.  What  changes  in 
this  technique  will  television  require? 


phone.  The  electrical  waves  run 
through  radio  tubes.  In  the  tubes 
these  waves  carrying  the  message 
vary  or  modulate  a  current  called 
the  carrier  current.  The  carrier  waves 
may  be  varied  in  either  of  two  ways. 
In  amplitude  modulation,  AM,  their 
amplitude  or  intensity  is  varied.  In 
frequency  modulation,  FM,  their  fre¬ 
quency  is  varied.  The  carrier  waves 
modulated  by  the  waves  bearing  the 
message  are  amplified  and  led  to  the 
aerial  wires  or  antennae.  From  the 
antennae,  waves  flow  out  around  the 
earth  somewhat  as  light  waves  flow 
out  from  an  electric  lamp. 

The  waves  that  are  sent  out  from 
any  station  are  of  one  frequency 
only,  assigned  to  it  by  the  Federal 
Communications  Commission.  If 
more  than  one  station  used  the  same 
frequency,  the  programs  would  be 
hopelessly  mixed. 


Receiving  the  radio  program. 

When  you  “tune  in”  your  radio  by 
turning  the  dial,  you  set  it  to  receive 
the  waves  of  a  certain  frequency. 
The  radio  waves  of  that  frequency 
then  coming  through  the  air  set  up  a 
weak  current  in  your  radio.  This  cur¬ 
rent  has  the  same  frequency  as  the 
current  in  the  aerial  of  the  station 
whose  program  you  want  to  hear. 
The  current  must  be  altered  in  sev¬ 
eral  ways  before  you  can  hear  the 
program.  The  weak  current  must  be 
replaced  by  a  stronger  current,  j 
Tubes  in  your  radio  amplify  the 
current.  The  current  has  such  high 
frequency  that  the  diaphragm  of  the 
speaker  in  your  radio,  which  re¬ 
sembles  a  telephone  receiver  in  ef¬ 
fect,  could  not  move  back  and  forth 
fast  enough  to  keep  up  with  it,  nor 
could  the  human  ear  hear  such  high 
frequency.  The  frequency  is  re- 
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At  left,  a  four- 
prong  radio  tube. 
Above,  how  pos¬ 
itive  and  nega¬ 
tive  charges  on 
the  grid  affect 
the  passage  of 
electrons  to  the 
plate 


.FILAMENT  PRONGS 


placed  by  lower  frequency  in  tubes 
of  your  radio.  By  a  series  of  tubes 
the  current  is  finally  put  into  shape 
to  move  the  diaphragm  of  the 
speaker  so  that  you  hear  the  mes¬ 
sage  or  program.  The  following 
sections  explain  the  apparatus. 

The  vacuum  tube.  The  secret 
of  the  modern  radio  is  in  the  vacuum 
tube.  To  grasp  the  idea  of  radio  op¬ 
eration,  you  must  have  an  idea  of 
what  the  tube  is  and  how  it  works. 

Edison  discovered  that  a  separate 
plate  sealed  inside  a  lamp  bulb  but 
not  touching  the  filament  will  under 
certain  conditions  pick  up  a  current 
from  the  filament.  When  a  wire  from 
the  plate  is  led  outside  the  bulb  and 
connected  with  the  positive  wire,  a 
current  flows  through  it,  forming  a 
circuit  called  the  plate  circuit.  When 


the  wire  from  the  plate  is  attached 
to  the  negative  wire,  no  current  flows 
through  the  plate  circuit. 

When  the  filament  is  hot  enough, 
some  of  the  electrons  flowing  through 
it  fly  off  through  the  vacuum  to  the 
plate  that  is  positively  charged.  If 
the  plate  is  negatively  charged,  its 
electrons  (negative  charges)  repel 
the  electrons  from  the  filament  and 
no  current  flows  through  the  plate 
circuit.  Here  is  the  primary  secret  of 
the  radio  tube. 

DeForest  discovered  another  se¬ 
cret.  If  a  wire  screen,  called  the  grid , 
is  placed  between  the  filament  and 
the  plate  and  connected  to  another 
battery  or  other  source  of  current, 
the  flow  of  electrons  from  the  fila¬ 
ment  to  the  plate  can  be  increased  or 
decreased  by  the  current  sent  into  the 
grid  (Fig.  A).  If  the  grid  is  charged 
positively,  it  attracts  an  increased 
flow  of  electrons  from  the  filament 
to  the  plate,  and  the  current  through 
the  plate  circuit  is  greatly  increased. 
If  the  grid  is  charged  negatively,  the 
electrons  on  the  grid  repel  the  elec¬ 
trons  from  the  filament  and  the  cur¬ 
rent  in  the  plate  circuit  is  diminished 
(Fig.  B).  Thus  changes  in  weak  cur- 
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How  a  four-prong  tube  is  connected 

rents  passing  through  the  grid  cir¬ 
cuit  produce  much  stronger  currents 
in  the  plate  circuits.  Such  a  tube  is 
used  to  amplify  or  strengthen  weak 
currents.  Several  tubes  used  one  after 
another  can  amplify  the  current 
many  times.  Such  is  the  general  plan 
of  amplifying  tubes  used  in  radios, 
in  amplifiers  for  auditoriums  and 
outdoor  speakers,  and  in  repeating 
or  relaying  long-distance  telephone 
messages. 

Above  is  shown  a  tube  of  this  kind. 
Two  of  the  prongs  are  connected  to 
the  filament.  A  third  prong  is  con¬ 
nected  to  the  plate  and  a  fourth  to  the 
grid.  The  filament,  the  grid,  and  the 
plate  are  parts  of  three  circuits  that 
are  connected  with  different  sources 
of  current.  When  batteries  are  used, 
the  filament  circuit  is  connected  to 
the  A  battery,  the  plate  to  the  B  bat¬ 
tery,  and  the  grid  to  the  C  battery. 
Today  batteries  are  seldom  used 
where  there  are  other  sources  of  cur¬ 


rent.  The  current  coming  into  our 
homes  from  the  power  house  can  be 
suitably  altered  by  tubes  so  that  we 
can  “plug  in”  at  an  ordinary  lamp 
socket. 

Screen  grid  tubes.  If  you  are 
interested  in  radio,  you  have  prob¬ 
ably  seen  a  five-prong  tube,  the 
screen-grid  tube.  The  screen  grid  is 
attached  to  the  fifth  prong.  We  have 
seen  that  the  vacuum  tube  passes  the 
current  in  one  direction  from  the  hot 
filament  to  the  plate.  Actually  there 
is  a  small  leakage  from  the  plate  or 
grid  back  to  the  filament.  Ordinarily 
this  causes  no  trouble,  but  when  high 
amplification  is  wanted,  the  leakage 
backward  may  cause  squeaks  and 
howls.  In  the  screen-grid  tube  a  wire 
screen  catches  this  backward  flow  of  j 
electrons.  This  tube  makes  possible 
a  smaller  number  of  tubes  because 
of  the  greater  amplification  possible 
with  each  tube. 

Broadcasting.  The  diagram  at 
the  top  of  the  next  page  shows 
the  general  plan  for  broadcasting. 
In  the  microphone  the  air  waves  set 
up  waves  or  oscillations  of  electrons. 
In  referring  to  the  behavior  of  elec¬ 
trons  in  the  apparatus,  we  generally 
use  the  term  oscillation .  A  series  of 
tubes  represented  in  the  lower  part 
of  the  diagram  amplifies  these  oscil¬ 
lations.  These  waves  of  low  fre¬ 
quency  are  the  sound,  or  audio, 
waves. 

Another  series  of  tubes  repre¬ 
sented  in  the  upper  part  of  the  dia¬ 
gram  creates  and  amplifies  a  series 
of  high-frequency  oscillations  or 
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waves.  Waves  of  such  high  frequency 
cannot  be  heard  by  the  human  ear. 
They  are  the  radio  carrier  waves. 

The  two  types  of  waves  are  com¬ 
bined  in  a  tube  to  produce  the  series 
of  modulated  waves  that  surge 
through  the  aerials  and  out  into 


be  picked  up  by  the  radio  receivers 
in  our  home. 

The  receiving  apparatus.  High- 
frequency  radio  waves  coming 
through  the  air  must  be  replaced  by 
low-frequency  sound  waves  in  order 
to  be  heard. 


space. 

The  sending  station  from  which 
the  waves  are  broadcast  may  be  miles 
from  the  studio  where  the  artists  or 
actors  send  sound  waves  into  the  mi¬ 
crophone.  In  national  broadcasts 
wires  carry  the  waves  of  electrons 
from  the  studio  to  the  broadcasting 


In  our  radio  sets  the  radio  waves 
delivered  to  a  series  of  tubes  set  up 
waves  that  can  affect  the  human  ear. 
Radio  waves  arriving  through  space 
are  weak.  They  therefore  are  sent 
through  a  series  of  amplifying  tubes. 
In  a  detector  tube  the  high-frequency 
waves  set  up  low-frequency  or  audio 


stations  located  in  different  parts  of 
the  country.  The  broadcasting  sta¬ 
tions  receive  waves  through  the  wires 
and  send  waves  out  through  space  to 
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waves.  The  audio  waves  are  then  am¬ 
plified  and  delivered  to  a  loud 
speaker  that  operates  much  as  does 
a  telephone  receiver. 


DETECTOR 

TUBE 


FIRST  AUDIO 
FREQUENCY 
AMPLIFIER 
TUBE 


SECOND 

AUDIO 

FREQUENCY 

AMPLIFIER 

TUBE 


JwEAK  RADIpj 
OSCILLATIONS 
f  (WAVES)  I 


AMPLIFIED 

RADIO 

OSCILLATIONS 


]  AMPLIFIED 
AUDIO  I 
OSCILLATIONS 


GROUND 

A  plan  of  a  radio  receiving  set 


ELECTRICAL  SUPPLY  TO  TUBES 


CONVERTED \ 
INTO  SOUND 
WAVES 


288 


ELECTRICITY  AND  MAGNETISM 


that  turns  on  the  lights  in  an  office 
building  when  clouds  cover  the  sun 
or  counts  automobiles  as  they  pass? 
You  have  seen  how  the  ordinary  in¬ 
candescent  lamp  changes  electrical 
energy  into  light  energy.  The  elec¬ 
tric  eye  or  photo-electric  cell  does 
just  the  reverse.  It  changes  light 
energy  into  electrical  energy  and 
the  electric  energy  turns  on  the  light 
or  operates  the  counting  machine.  I 
When  this  cell  is  in  the  dark,  no 
electrical  effect  occurs,  but  when 
it  is  exposed  to  a  source  of  light, 
the  light  energy  produces  an  elec¬ 
tric  current  within  the  cell. 

The  cell  consists  of  a  vacuum  tube 
with  two  connections.  One  terminal, 
connected  to  the  plus  end  of  a  bat¬ 
tery,  consists  of  a  nickel  wire  ring  in 


(Note:  Direction  of  flow.  On 

page  259  you  learned  that  the  cur¬ 
rent  flows  from  the  positive  pole  of  a 
battery  through  the  wire  to  the  nega¬ 
tive  pole.  The  electrician  who  strings 
the  bell  wire  speaks  in  this  way,  as 
we  do  also  ordinarily  in  the  labora¬ 
tory.  The  early  students  of  electricity 
so  viewed  the  “flow  of  the  current.” 
However,  when  radio  waves  were 
discovered  and  controlled  by  the 
vacuum  tubes,  it  was  found  the  for¬ 
mer  idea  of  the  direction  of  the  “flow 
of  the  current”  would  not  explain 
the  results.  The  scientist  now  ex¬ 
plains  the  results  as  produced  by 
electrons  or  negative  charges  at¬ 
tracted  to  the  positive  pole.  To  avoid 
confusion  we  speak  in  this  book  of 
the  “flow  of  electrons”  and  under¬ 
stand  that  electrons  are  attracted  by 
the  positive  pole.) 

The  electric  eye  (optional). 
Have  you  heard  of  the  “electric  eye” 

A  radio  telephone  installed  in  an 
automobile 

Bell  Telephone  Co.  of  Penna. 


Black  Star 

The  electric  eye  opens 
a  door.  Close-up  of 
the  beam  intercepted 
by  a  suitcase.  The 
electric  eye  changes 
light  energy  into  elec¬ 
trical  energy.  The 
electrical  energy  thus 
created  switches  on 
the  current  which 
opens  the  door 


the  center  of  the  vacuum  tube.  The 
other  terminal,  connected  to  the 
minus  end  of  a  battery,  leads  into 
the  inside  surface  of  the  tube,  which 
is  covered  with  a  light-sensitive  ma¬ 
terial  such  as  potassium.  In  the  dark 
no  action  takes  place,  but  when  light 
falls  on  this  “electric  eye,”  electrons 
are  knocked  off  the  coating  of  potas¬ 
sium  and  are  attracted  to  the  loop  of 
nickel.  This  flow  of  electrons  or 
feeble  electric  current  may  be  made 
to  switch  on  a  more  powerful  current. 

The  photo-electric  cell  produces  a 
very  weak  current  when  a  dim  light 
falls  on  it  and  a  stronger  current 
when  a  bright  light  falls  on  it.  This 
action  is  the  first  step  in  television. 


Television.  Would  you  like  to 
see  a  friend  across  the  ocean  while 
you  talk  to  him  this  evening?  You 
may  talk  to  him  over  your  tele¬ 
phone,  and  perhaps  at  no  very  dis¬ 
tant  date  you  may  see  him  with  a 
television  apparatus.  This  apparatus 
reproduces  instantly  distant  scenes 
while  they  are  taking  place. 

A  camera  lens  focuses  the  scene 
upon  a  screen  made  up  of  hundreds 
of  minute  electric  eyes.  This  screen 
is  inside  a  large  vacuum  tube.  The 
electric  eyes  change  the  light  rays 
into  electric  charges.  Over  the  screen 
moves  a  beam  of  electrons.  This 
beam  is  a  cathode  ray,  a  beam  or  ray 
of  electrons  streaming  out  from  the 
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Television  depends  on  the  iconoscope  and  the  kinescope.  The  iconoscope,  in 
the  television  camera,  changes  light  rays  into  electrons,  which  produce  a  video 
signal.  The  video  signal  is  picked  up  by  the  kinescope  in  the  receiving  set. 
The  kinescope  changes  the  video  signal  back  into  a  moving  picture 


minus  pole  (called  the  cathode)  of 
an  electric  circuit  inside  a  vacuum 
tube.  It  is  the  same  sort  of  beam  used 
to  excite  X  rays.  The  beam  of  elec¬ 
trons,  or  cathode  ray,  moves  across 
the  electric-eye  screen  line  after  line 
somewhat  as  your  eye  does  in  read¬ 
ing  a  book.  The  cathode  ray,  how¬ 
ever,  moves  very  fast,  covering  the 
whole  screen  in  one  twenty-fourth  of 
a  second.  During  that  one  twenty- 
fourth  of  a  second,  the  varying  light 
of  the  scene  changes  to  a  varying 
electric  current.  The  varying  current 
modifies  radio  waves  sent  out  to  the 
receiving  station. 


At  the  receiving  station  the  radio 
waves  cause  another  vacuum  tube  to 
send  a  beam  of  electrons  or  cathode 
ray  over  another  screen.  The  receiv¬ 
ing  screen  is  fluorescent;  that  is,  it 
shines  out  with  light  when  the  cath¬ 
ode  ray  strikes  it.  The  fluorescence 
is  due  to  a  coating  of  a  certain 
compound  which  glows  as  electrons 
strike  it.  The  receiving  screen  thus 
changes  electric  current  into  light 
while  the  electric-eye  screen  changes 
light  into  electric  current.  The  cath¬ 
ode  ray  in  the  receiving  station  is 
governed  by  waves  coming  in  from 
the  sending  station.  The  cathode 


ray  moving  over  the  fluorescent 
screen  in  the  receiving  station,  there¬ 
fore,  keeps  time  with  the  cathode 
ray  moving  over  the  electric-eye 
screen  in  the  sending  station.  Due  to 
the  persistence  of  vision,  the  glow¬ 
ing  spots  of  the  fluorescent  screen 
blend  into  a  picture. 

Talking  pictures.  In  recording 
sound  for  a  talking  picture  a  record 
of  the  sound  called  the  sound  track 
is  made  on  picture  film.  A  micro¬ 
phone,  a  sensitive  telephone  trans¬ 
mitter,  is  placed  near  the  actor.  The 
microphone  is  connected  to  a  lamp 
which  throws  a  tiny  beam  of  light  on 
the  photographic  film.  As  the  actor 
speaks,  the  sound  waves  enter  the 
transmitter.  The  sound  waves,  just 
as  in  the  telephone,  cause  the  current 
to  vary.  The  varying  current  flashes 
the  lamp.  The  light  strikes  the  photo¬ 
graphic  film  leaving  its  record  as  the 
sound  track.  The  record  is  a  series 
of  bands,  some  dark,  some  medium, 
some  light  (page  234).  The  density 
or  darkness  of  the  band  depends 
upon  the  loudness  of  the  sound. 

The  sound  track  may  be  recorded 
as  a  band  of  varying  width  instead 
of  varying  density. 

When  the  film  is  run  through  the 
motion-picture  projector,  the  picture 
is  thrown  on  the  screen.  At  the  same 
time  a  bright  light  shines  through  the 
sound  record  at  the  side  of  the  film 
to  a  photo-electric  cell.  As  the  record 
runs  between  the  light  and  the  photo¬ 
electric  cell,  the  light  and  dark  bands 
vary  the  illumination.  The  photo¬ 
electric  cell  is  connected  to  a  speaker 
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Radar  antennae  on  a  ship 

behind  the  picture  screen  in  the 
theater.  The  varying  current  from 
the  photo-electric  cell  operates  the 
speaker  just  as  the  varying  current 
in  the  telephone  operates  the  tele¬ 
phone  receiver. 

Electronics  is  the  name  given  to 
the  study  of  the  behavior  of  elec¬ 
trons  and  their  application  to  a  great 
variety  of  uses,  of  which  radio  is  one 
very  important  in  modern  life. 

The  electron  microscope  (Op¬ 
tional).  Through  the  recent  cen¬ 
turies  the  scientist  has  tried  to  see 
smaller  and  ever  smaller  things.  The 
invention  of  the  compound  micro¬ 
scope  revealed  germs  of  disease  too 
small  to  be  seen  with  the  naked  eye, 
for  example  the  germ  that  causes  ty¬ 
phoid  fever.  But  there  are  disease 
germs  too  small  to  be  seen  with  the 
compound  microscope,  for  example 
the  germ,  called  a  virus,  that  causes 
influenza.  Using  light  to  see  by,  the 
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Ewing  Galloway 

The  electronic  eye  in  radar.  The  man  is  looking  into  a  plane  position  indicator. 
See  the  page  opposite 


diameter  of  the  smallest  object  that 
can  be  seen  with  a  microscope  is 
about  one-half  the  wave-length  of 
light,  about  0.0002  mm.  The  parti¬ 
cles  of  the  virus  of  influenza  are  still 
smaller,  and  so  are  invisible  with 
light. 

In  the  new  electron  microscope 
the  scientist  uses,  not  waves  of  light, 
but  rays  of  electrons,  the  cathode 
rays  (see  page  289).  They  may  be 
focused  by  an  electric  field  or  by  a 
magnetic  field  as  waves  of  light  are 
focused  by  a  glass  lens.  The  waves  of 
electrons  cannot  be  seen,  but  they  are 
focused  on  a  fluorescent  screen  or  on 
a  photographic  plate  as  are  X  rays. 
The  electron  microscope  may  mag¬ 
nify  an  object  100,000  times  or 
more,  while  a  compound  microscope 
generally  is  limited  to  about  1500 


times.  The  smallest  object  revealed 
by  the  electron  microscope  is  about 
0.000005  mm.  in  diameter.  A  virus, 
too  small  to  be  seen  with  the  micro¬ 
scope,  has  been  photographed  with 
the  electron  microscope. 

Radar,  used  to  locate  unseen 
enemy  ships  a  hundred  miles  away 
or  approaching  airplanes,  employs 
rays  sent  out  from  the  observing  sta¬ 
tion  and  reflected  back  to  the  receiv¬ 
ing  instrument.  It  is  used  also  in 
weather  service  to  locate  hurricanes 
and  other  storms  and  to  follow  pilot 
balloons  released  to  study  winds  at 
great  altitudes.  It  guides  airplanes 
and  ships  to  safe  landing  through 
fog.  Loran,  employing  larger  waves, 
is  similarly  used  by  planes  and 
ships.  The  page  opposite  will  help 
you  to  see  how  radar  works. 
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What  the  radar  operator  sees. 
The  radio  transmitter  sends 
out  bursts  of  ultra  high  fre¬ 
quency  microwaves.  Objects 
in  the  path  of  the  beam  re¬ 
flect  back  the  microwaves  as 
echoes. 

Stopping  of  the  beam  by  the 
airplane  causes  the  shadow. 
Distance  is  measured  by  the 
time  between  sending  and  re¬ 
ceiving. 

The  diagram  below  shows 
how  radar  operates.  Name 
ways  in  which  radar  is  help¬ 
ful  to  us  in  peacetime.  Name 
other  ways  we  use  radar  in 
wartime. 


DISTANCE  BETWEEN  PIPS  INCREASES 
AS  DISTANCE  BETWEEN  RECEIVER  AND 
REFLECTING  OBJECTS  INCREASES 
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International  News  Photo 

A  pilot,  seated  in  a  chair,  guides  his  plane  to  a  perfect  landing  by  radio 


Pilotless  airplanes  and  guided 
rockets,  used  so  successfully  in  war 
are  guided  by  radio  signals.  Auto¬ 
matically  or  on  radio  command,  they 
send  back  reports.  Rockets  with  sci¬ 
entific  instruments  and  radio  trans¬ 
mitters  rising  to  75  miles  give  infor¬ 
mation  on  the  upper  atmosphere. 


The  radio  proximity  fuse  is  used  in 
anti-aircraft  guns.  The  radar  equip¬ 
ment  in  the  fuse  fires  the  shell  when 
it  approaches  the  plane 


The  radio  altimeter,  used  in 
larger,  faster  planes  sends  a  radio 
wave  to  the  ground  which  reflects  it 
back  to  the  plane.  The  time  it  takes 
to  go  and  return  indicates  the  dis¬ 
tance  to  the  ground. 

The  radio  proximity  fuse  at¬ 
tached  to  shells  and  rockets  uses  the 
principle  of  radar.  The  instrument 
contains  a  radio  transmitter  and  re¬ 
ceiver  and  a  mechanism  for  firing 
the  shell  when  it  approaches  an 
enemy  airplane  or  ship.  When  the 
shell  is  sufficiently  close  to  the  tar¬ 
get,  the  reflected  radio  waves  start 
the  mechanism  which  fires  the  shell. 

Teleran  is  a  system  by  which 
radar  combines  several  different 
kinds  of  information  needed  by  the 
air  pilot.  A  television  receiver  in  the 
plane  combines  a  picture  of  the 
ground,  other  planes,  weather  infor¬ 
mation,  route  markings,  and  instruc¬ 
tions.  In  foggy  weather  and  storms 
such  an  assembling  of  information 
may  prevent  crashes. 
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Chapter  Forty 

Atomic  Energy 

What  is  an  atom?  Matter  is 
electricity.  That  may  sound  queer. 

Is  iron  electricity?  Yes.  Is  oxygen 
electricity?  Yes.  That  is  good  scien¬ 
tific  theory — good  science.  The 
statement  is  subject  to  change,  as  is 
all  science.  With  our  present  scien¬ 
tific  knowledge,  the  theory  helps  us 
to  understand  the  forces  of  the  uni¬ 
verse,  including  our  earth  close  by, 
and  to  put  these  forces  to  work.  Let 
us  see  what  the  statement,  that  all 
matter  is  electricity,  might  mean. 
Then  let  us  see  how  scientists  have 
used  this  idea  for  our  good.  Or  is  it 
always  for  our  good?  Was  the  atom 
bomb  for  the  good  of  mankind? 

An  atom  is  the  smallest  part  of  an 
element  that  can  exist — in  theory. 

If  an  atom  is  split,  the  bits  of  the 
atom  are  no  longer  the  element.  An 
atom  of  any  element  is  made  up  of 
smaller  particles.  But  these  particles 
are  not  the  element.  The  particles, 
called  subatomic  particles,  that 
make  up  an  atom  of  iron  or  of  hy¬ 
drogen  are  not  iron  or  hydrogen. 
These  subatomic  particles  are  pro¬ 
tons,  electrons,  and  neutrons.  The 
proton  is  a  positive  particle  of 
electricity.  The  electron  is  a  nega¬ 
tive  particle  of  electricity.  The  neu¬ 
tron  is  neither  negative  nor  positive ; 
it  is  neutral.  Atoms  of  different  ele¬ 
ments  differ  by  the  number  of  pro- 
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tons,  electrons,  and  neutrons,  and  by 
their  arrangement  within  the  atom. 

Protons  and  neutrons  form  the 
heavy  center  of  the  atom,  the  nu¬ 
cleus .  Electrons  are  pictured  away 
from  the  center  and  moving  around 
it  as  the  earth  and  the  other  planets 
move  around  the  sun.  Hydrogen,  the 
lightest  of  all  the  elements,  has  only 
one  proton  in  the  nucleus,  and 
around  the  nucleus  moves  one  elec¬ 
tron  as  the  earth  moves  around  the 
sun.  Helium,  the  next  element  in 
order,  has  two  protons  and  two  neu¬ 
trons  forming  the  nucleus,  and  mov¬ 
ing  around  in  orbits  outside  the  nu¬ 
cleus  are  two  electrons.  Oxygen  has 
8  protons,  8  neutrons  and  8  elec¬ 
trons.  Uranium  of  the  atomic  bomb 
has  92  protons,  143  neutrons,  and 
92  electrons.  (See  figure.) 


A  uranium  atom 


✓ 


We  find  it  difficult  to  think  of  the 
minute  size  of  these  particles.  Forty 
thousand  electrons  would  about 
make  up  the  diameter  of  an  atom, 
and  250,000,000  atoms  of  hydrogen 
would  just  about  make  an  inch. 

The  subatomic  particles  are  some¬ 
times  spoken  of  by  scientists  as  par¬ 
ticles  and  sometimes  as  charges  of 
electricity.  It  makes  no  difference  in 
the  mathematics  which  term  is  used, 
and  it  is  the  mathematics  of  atomic 


H.  V.  Tucker  (above),  U.S.  Army  Air  Forces  (left) 

The  cloud  (left)  and  the  destruction 
(above)  from  an  atomic  explosion 

science  that  counts.  How  these  mi¬ 
nute  particles  or  charges  act  is  cal¬ 
culated  by  mathematics.  That  kind 
of  mathematics  produced  the  atomic 
bomb,  and  perhaps  that  kind  of 
mathematics  will  harness  atomic  en¬ 
gines  to  our  transportation  and  in¬ 
dustry. 

It  must  be  understood  that  in  the 
minds  of  scientists  the  drawings  of 
atomic  structure,  as  on  page  295, 
need  not  be  the  actual  condition  in 
nature.  The  scientists  find  the  draw¬ 
ings  a  convenient  way  to  indicate 
what  they  think.  Experiments,  ob¬ 
servation,  and  mathematics  deter¬ 
mine  what  they  think. 

Atomic  energy.  The  particles 
are  held  within  the  atoms  by  forces. 
We  might  suppose  that  very  little 
force  was  needed  to  hold  the  tiny 
particles  within  the  tiny  atom.  On 
the  contrary,  scientists  conceive 
these  forces  as  stupendous.  The 
forces  are  figured  mathematically. 
Atomic  mathematics  started  scien¬ 
tists  of  the  various  countries  on  the 
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mad  race  for  the  atomic  bomb  even 
before  the  beginning  of  World  War 
II.  The  atomic  bomb  that  fell  on 
Hiroshima  utterly  destroyed  one- 
half  of  that  Japanese  city,  reduced 
it  to  powder — and  killed  200,000 
people.  If  the  forces  that  hold  the 
particles  of  the  atom  together  could 
be  released  in  suitable  manner,  one 
pound  of  uranium,  the  element  of 
that  bomb,  would  do  the  work  of 
2,500,000,000  pounds  of  coal. 
These  forces  have  been  calculated. 
Only  a  small  part  of  the  forces 
within  the  atom — only  one-tenth  of 
one  per  cent — was  released  in  the 
atoms  of  the  bomb  that  fell  on  Hiro¬ 
shima.  The  release  of  the  forces 
within  the  bomb  was  the  explosion. 

Radioactive  elements.  Atoms 
of  certain  elements  are  continually 
splitting  and  shooting  out  particles 
with  the  release  of  energy  in  electro¬ 
magnetic  waves,  waves  of  the  same 
nature  as  those  of  light,  X  ray,  and 
radio.  Radium  and  uranium  send 
out  such  particles  and  waves  of 
energy.  We  speak  of  such  elements 
as  radioactive  elements.  The  rays  of 
radium  penetrate  the  flesh  and  many 
other  substances.  They  burn  and 
kill.  Therefore,  they  are  used  to  kill 
the  cells  of  growths  we  call  cancer. 
Radium  is  stored  for  use  in  cases  of 
thick  lead  to  prevent  the  deadly  rays 
from  injuring  the  persons  who 
handle  it.  The  preparation  of  ma¬ 
terial  for  the  atomic  bomb  was  car¬ 
ried  on  behind  walls  of  concrete  and 
steel  several  feet  thick  to  protect  the 
workers  from  deadly  radioactivity. 


When  a  particle  leaves  the  nucleus 
of  an  atom,  the  atom  is  changed  to 
that  of  another  element.  The  radium 
atom  sending  out  particles  and 
waves  of  energy  changes  to  a  new 
radioactive  element.  This  new  ele¬ 
ment  repeats  the  process  and  be¬ 
comes  a  third  element.  So  the  proc¬ 
ess  continues,  each  new  element  giv¬ 
ing  up  a  particle  of  its  self  until  the 
mass  becomes  lead. 

In  addition  to  radium  and  ura¬ 
nium,  some  other  radioactive  ele¬ 
ments  are  known  in  nature;  for  ex¬ 
ample,  thorium  and  polonium,  and 
many  elements  have  been  made 
radioactive  in  the  “atom  smashing” 
machines  like  the  cyclotron. 

In  the  laboratory  and  in  nature 
new  elements  are  made  from  old. 
Scientists  have  achieved  at  last  that 
which  the  ancient  alchemists  sought. 

Radium  carefully  being  taken  out  of 
a  hospital  strong  box 


Keystone  View  Co * 
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They  have  changed  base  metal  into 
gold,  lead  into  gold.  However,  it 
does  not  “pay.”  The  process  costs 
more  than  the  gold  is  worth. 

The  rays  shot  out  from  radium 
are  of  three  kinds.  They  are  called 
alpha,  beta,  and  gamma  rays  from 
the  first  three  letters  of  the  Greek 
alphabet.  Alpha  rays  are  streams  of 
particles  with  positive  electric 
charges.  Each  alpha  particle  is  com¬ 
posed  of  two  protons  and  two  neu¬ 
trons.  The  alpha  particle  is  the  nu¬ 
cleus  of  an  atom  of  the  element  he¬ 
lium.  The  beta  rays  are  streams  of 
particles  with  negative  charges. 
They  are  electrons.  The  gamma  rays 
are  not  streams  of  particles  but  rays 
of  energy  like  X  rays.  They  are  of 
shorter  wave  length  than  X  rays  and 
are  therefore  more  penetrating. 

Splitting  the  atom.  Atomic  fis¬ 
sion  or  splitting  the  atom  has  got 
into  the  newspapers.  Splitting  the 
atom  in  the  A  bomb  wiped  out  half 
the  city  of  Hiroshima  and  as  much 
of  Nagasaki.  Many  other  kinds  of 
atoms  have  been  split  with  no  harm 
and  with  great  good  to  science.  We 
are  beginning  to  learn  new  ways  to 
benefit  the  sick  by  splitting  the  atom. 
We  have  long  used  the  splitting  atom 
of  radium  for  the  treatment  of  can¬ 
cer.  Splitting  the  atom  for  the  bene¬ 
fit  of  industry  is  in  the  future,  but 
it  may  not  be  far  in  the  future.  Per¬ 
haps,  when  wars  and  rumors  of 
wars  are  past,  mobilized  scientists 
will  be  permitted  to  turn  their 
knowledge  and  experiments  toward 
the  benefit  of  all  mankind. 


Natural  radioactive  elements, 
like  radium  and  uranium,  may  be 
used  to  send  their  rays  into  other 
elements.  For  example,  a  mixture  of 
radium  and  beryllium  gives  off  neu¬ 
trons.  Radium  shoots  out  alpha  par¬ 
ticles,  nuclei  of  helium  atoms,  two 
protons  and  two  neutrons.  These 
alpha  particles  penetrate  the  nuclei 
of  beryllium  atoms  which  then  shoot 
out  neutrons.  If  the  neutrons  are 
allowed  to  hit  uranium,  the  uranium 
atoms  are  split  and  the  elements 
barium  and  krypton  are  formed, 
with  the  release  of  great  quantities 
of  energy.  This  last  discovery  was 
made  in  Germany  before  the  Japa¬ 
nese  dropped  bombs,  ordinary 
bombs,  on  our  fleet  in  Pearl  Harbor 
in  Hawaii.  A  mad  race  began  among 
the  so-called  civilized  nations  to  use 
that  atomic  energy  against  their 
enemies.  The  discovery  of  how  to 
release  that  energy  in  the  bomb,  the 
atomic  bomb,  was  made  by  Amer¬ 
ican  scientists  working  with  British 
and  Canadian  scientists  and  refugee 
scientists  from  Europe.  Their  dis¬ 
covery  wiped  out  two  Japanese 
cities. 

Isotopes.  Have  you  heard  of 
heavy  water?  It  is  composed  of  oxy¬ 
gen  and  heavy  hydrogen,  also  called 
deuterium.  Common  hydrogen  has  a 
nucleus  of  one  proton  and  nothing 
more,  around  which  circulates  one 
electron.  Heavy  hydrogen  has  one 
proton  and  one  neutron  in  its  nu¬ 
cleus,  and  one  electron  circling  in 
an  orbit  outside  its  nucleus.  Ordi¬ 
nary  water  contains  a  very  small 
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proportion  of  heavy  water:  a  ton  of 
ordinary  water  contains  about  an 
ounce  of  heavy  water.  Heavy  water 
boils  and  freezes  at  slightly  higher 
temperatures  than  ordinary  water. 
Heavy  water  has  been  used  in  medi¬ 
cine  and  biology  to  trace  the  course 
of  water  through  the  body.  It  is  also 
valuable  in  controlling  atomic  fis¬ 
sion,  splitting  the  atom.  For  the  lat¬ 
ter  reason  it  was  produced  by  the 
Germans  in  Norway  during  World 
War  II  in  their  desperate  effort  to 
build  the  atomic  bomb  before  any 
other  nation.  One  of  the  most  daring 
exploits  of  the  great  war  was  the 
landing  of  Englishmen  on  the  coast 
of  Norway  to  make  their  way 
through  the  country  held  by  the 
enemy  and  blow  up  the  works  where 
heavy  water  was  being  produced. 

In  addition  to  deuterium  or 
“heavy  hydrogen,”  there  is  a  third 
kind  of  hydrogen,  tritium,  which  has 
one  proton  and  two  neutrons  in  its 
nucleus,  with  one  electron  circling 
outside.  Here  then  are  three  kinds  of 
hydrogen:  ordinary  hydrogen  with 
one  proton,  deuterium  with  one  pro¬ 
ton  and  one  neutron,  and  tritium 
with  one  proton  and  two  neutrons. 
All  the  atoms  of  hydrogen  have  one 
electron  circling  about  the  nucleus. 
Atoms  having  the  same  number  of 
electrons  but  different  numbers  of 
neutrons  in  the  nucleus  are  called 
isotopes  of  an  element.  Hydrogen 
has  three  isotopes.  Most  elements 
are  mixtures  of  two  or  more  iso¬ 
topes.  Uranium  has  three  isotopes 
in  nature  and  tin  has  eleven. 


J.  E.  Westcott,  Atomic  Energy  Commission 


Scientists  inject  radioactive  iodine 
into  the  neck  of  a  steer  for  an  experi¬ 
ment  in  agricultural  research 

Isotopes  have  become  very  valu¬ 
able  in  science.  Some  of  them  in 
nature  are  radioactive  and  many 
radioisotopes  may  be  prepared  in 
the  laboratory.  Radioisotopes  of 
common  elements  in  foods  have 
been  used  to  trace  these  foods 
through  the  living  body.  A  radio¬ 
isotope  of  carbon  has  been  traced 
through  digestion,  absorption,  and 
oxidation  of  the  food.  Radioactive 
phosphorus  has  been  traced  from 
food  into  bones.  Almost  any  of  the 
common  elements  of  the  body  can 
be  made  radioactive  by  treatment  in 
the  great  atomic  machines.  Then  the 
radioisotope  may  be  added  to  food 
and  its  behavior  may  be  followed  in 
the  body.  Radioisotopes  promise 
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also  to  be  valuable  in  the  treatment 
of  bodily  disorders,  as  radium  and 
X  rays  are  used.  Scientists  can  cal¬ 
culate  how  long  the  radiation  will 
continue  from  the  isotope  and  in¬ 
troduce  into  the  body  only  enough 
to  last  a  definite  time.  Thus  radio¬ 
active  iodine  may  be  used  to  treat  an 
overactive  thyroid  gland. 

Isotopes  in  the  A  bomb.  Ura¬ 
nium,  the  element  wanted  for  the 
atomic  bomb,  is  found  in  the  min¬ 
erals  pitchblende  and  carnotite.  It  is 
found  as  a  mixture  of  three  isotopes 
called  U-234,  U-235,  and  U-238. 
The  number  is  called  the  atomic 
number.  The  isotope  wanted  for  the 
atomic  bomb  was  U-235.  One  pound 
of  U-235  was  estimated  to  produce 
as  much  energy  as  the  explosion  of 
eight  thousand  tons  of  the  great  ex¬ 
plosive  TNT  which  had  outclassed 
dynamite.  Another  fact  of  great  im¬ 
portance  in  using  U-235  is  that  each 
atom  in  exploding  sets  loose  a  neu¬ 
tron  which  starts  an  explosion  in  the 
next  U-235  atom  it  meets.  This  is 


the  famous  chain  reaction  of  the 
atomic  bomb. 

The  explosion  spreads  in  a  minute 
fraction  of  a  second.  Controlling 
this  chain  reaction  was  one  of  the 
problems  of  the  atomic  bomb.  An¬ 
other  of  the  difficulties  at  the  start  of 
the  mad  race  for  the  A  bomb  was 
isolating  the  valuable  isotope  U- 
235.  In  the  ores  there  was  very  little 
U-235  and  much  U-238.  Methods 
were  found  for  the  separation  from 
the  others,  and  then  an  important 
discovery  was  made.  When  a  neu¬ 
tron  struck  a  nucleus  of  U-238,  the 
common  isotope,  a  new  isotope  not 
known  in  nature  was  made,  U-239. 
This  new  substance  shot  off  a  beta 
particle  and  became  a  new  element 
which  apparently  does  not  exist  in 
nature.  This  new  element  was  called 
neptunium,  after  the  planet  Nep¬ 
tune.  (You  may  remember  that  next 
outside  of  the  planet  Uranus,  after 
which  uranium  was  named,  comes 
Neptune.)  But  neptunium  does  not 
last.  It  shoots  off  a  beta  particle  and 
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When  a  neutron  strikes  the  nucleus  of  uranium  238,  a  radioactive  form  of 
uranium  is  made  —  U-239.  The  U-239  loses  an  electron  and  becomes  nep¬ 
tunium,  which  in  turn  becomes  plutonium.  Thus,  the  more  common  uranium 
ore,  as  well  as  the  valuable  U-235,  can  be  used  in  making  atomic  bombs 


becomes  still  another  element,  plu¬ 
tonium,  named  after  the  next  planet 
outward  in  the  solar  system,  Pluto. 
In  turn  plutonium  sends  out  an 
alpha  particle  and  becomes  U-235. 
The  atomic  scientist  thus  made  two 
explosive  elements  available  for  use 
in  the  bomb,  U-235  and  plutonium. 

The  atomic  pile.  Plutonium  is 
made  in  “the  pile.”  One  of  the  great 
difficulties  with  atomic  energy  is 
slowing  it  down  so  that  there  will  not 
be  a  terrific  exposion  before  it  is 
wanted.  The  pile  is  an  arrangement 
to  keep  the  atomic  action  under  con¬ 
trol.  Natural  uranium  is  enclosed  in 
aluminum  cans.  This  uranium  is  a 
mixture  chiefly  of  U-238  with  very 
small  amounts  of  U-235.  Neutrons 
are  constantly  leaving  the  U-235, 
and  in  addition  stray  neutrons  may 
be  started  by  cosmic  rays,  those 
mysterious  rays  that  come  from  the 
depths  of  space  and  penetrate  deep 
into  the  earth’s  crust.  Graphite  is 
used  to  slow  down  the  speeding  neu¬ 
trons  to  make  them  more  efficient. 
The  neutrons  split  other  atoms.  Con¬ 
trol  rods  of  the  metal  cadmium  or 
boron  are  slipped  into  the  pile  to 
capture  neutrons  if  they  become  too 
numerous.  Thus  the  reaction  is  kept 
under  control.  When  sufficient  ura¬ 
nium  has  been  converted  into  plu¬ 
tonium,  the  cans  are  removed  and 
the  plutonium  separated  for  use. 
All  this  work  goes  on  behind  great 
walls  of  concrete  built  to  absorb  the 
deadly  rays  of  energy  that  are  con¬ 
stantly  being  sent  out.  No  man  goes 
behind  those  walls. 


H.  V.  Tucker 

CONTROL  RODS  OF  CADMIUM  GRAPHITE 


Within  the  atomic  pile,  graphite 
slows  down  the  neutrons  which  are 
being  thrown  out  constantly  by  the 
uranium.  The  control  rods,  which 
permanently  capture  neutrons,  can  be 
removed  to  speed  up  the  action.  The 
water  is  a  cooling  agent.  Why  must 
thick  concrete  walls  be  built  around 
the  pile? 
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CYCLOTRON 


The  cyclotron  consists  of  two  D-shaped  electrodes  placed  between  powerful 
magnets.  Positively  charged  ions  are  fed  into  the  electrodes.  The  ions  are 
attracted  first  to  one  electrode,  then  to  the  other,  by  a  quickly  reversing  mag¬ 
netic  field.  The  ions  spiral  outward  as  they  gain  speed  and  are  finally  released. 
The  Van  de  Graaff  generator  (left)  is  another  type  atom  smasher 


The  atom  smashers.  Several 
types  of  great  machines  have  been 
called  atom  smashers.  Two  are  il¬ 
lustrated  in  the  figures.  The  general 
idea  is  to  speed  up  the  rate  of  travel 
of  protons,  and  alpha  particles,  so 
that  they  can  penetrate  the  shell  of 
circling  electrons  and  reach  the  nu¬ 
cleus.  The  particles  are  speeded  up 
by  action  of  electricity  and  mag¬ 
netism.  In  the  cyclotron,  for  ex¬ 
ample,  the  particles  are  whirled 
around  semicircular  areas  until  they 
have  attained  tremendous  speed. 
Then  they  escape  through  a  small 
window  to  strike  atoms  of  the  ele¬ 
ment  that  is  being  “bombarded.” 
These  machines  have  a  great  future 


beyond  the  production  of  atomic 
bombs.  They  are  producing  isotopes 
to  study  processes  deep  within  the 
living  human  body,  in  plants,  and 
in  the  soil.  We  are  beginning  to 
solve  some  of  the  old  mysteries  of 
our  bodies  and  to  find  the  first  clues 
to  some  of  the  mysterious  diseases 
that  have  baffled  scientists  and  doc¬ 
tors  in  the  past.  Radioisotopes  are 
being  used  in  industry  to  study  the 
action  of  metals  and  machines.  Per¬ 
haps  their  greatest  value  has  been  to 
teach  science,  for  from  science  will 
come  the  solutions  to  many  of  the 
great  problems  that  plague  human¬ 
ity — provided  that  we  can  learn  to 
live  together  in  peace. 
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Life  Photographer  Fritz  Goro,  —  Time,  Inc.  ( all  three ) 

The  pictures,  above  and  right,  show 
the  effect  of  radiation  sickness  on 
white  rats.  Notice  that  one  of  the  rats 
developed  tumors  and  that  another 
one  was  stunted  in  growth.  How  do 
experiments  with  rats  help  us? 


Radiation  sickness.  Some  of 
the  early  experimenters  with  X  rays 
lost  their  hands  and  some  died.  Ra¬ 
dium  rays,  until  scientists  learned 
how  to  handle  radium,  similarly  de¬ 
stroyed  flesh  and  life.  We  still  use 
the  rays  to  destroy  cancer  cells  and 
other  diseased  cells  within  the  body, 
but  only  with  the  most  careful  han¬ 
dling  by  trained  workers.  When  the 
preparation  of  the  uranium  bomb 
was  proposed,  scientists  warned  of 
the  extreme  danger  to  the  workers. 
Radium  now  is  stored  and  trans¬ 
ported  to  the  operating  room  in 
thick  lead  cases  that  absorb  the  rays. 
Atomic  work  goes  on  behind  walls 
of  concrete  and  lead,  the  raw  mate¬ 
rials  and  products  handled  by  ma¬ 
chinery.  The  radioactive  products 
that  are  prepared  at  the  great  atomic 
works  are  shipped  to  laboratories 
in  cases  which  absorb  the  rays  dur¬ 
ing  transportation. 

One  of  the  deadly  effects  of  the 
atomic  bomb  is  called  radiation 


sickness.  We  do  not  know  how  many 
of  the  Japanese  who  died  at  Hiro¬ 
shima  and  Nagasaki  were  killed  di¬ 
rectly  by  radiation  or  how  many 
have  since  died  from  damage  done 
to  the  internal  organs  by  radiation 
from  the  bomb  or  from  secondary 
radiation  set  up  in  other  substances. 
We  know  that  secondary  radiation 
lasting  three  years  was  set  up  in  the 
experimental  bombing  of  Bikini,  a 
tiny  atoll  in  the  South  Pacific.  In  ex¬ 
periments  to  learn  how  to  protect 
workers,  rats  exposed  to  radiation 
died  of  damage  to  the  deep-seated 
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organs  such  as  the  liver  and  spleen. 
Some  rats  exposed  to  the  radiation 
lived  for  a  considerable  time  in 
perfect  health,  only  to  die  finally 
with  great  tumors.  Will  men, 
women,  and  children  exposed  to  the 
atomic  bomb,  or  who  have  moved 
through  a  bombed  area  after  the 
blast,  be  similarly  diseased?  Ex¬ 
periments  with  rats  may  give  us 
valuable  information. 

Detecting  radiation.  After  a 
bombing  it  is  important  to  know  if 
radiation  is  coming  from  surround¬ 
ing  objects  or  from  the  ground.  The 
original  radiation  often  starts  sec¬ 
ondary  radiation  as  particles  from 
the  exploding  atoms  knock  out  par¬ 
ticles  from  nuclei  of  other  atoms  in 
the  surroundings.  Around  the  great 
atomic  piles  and  atom  smashers  or 
where  radioisotopes  are  being  han¬ 
dled,  radiation  may  be  dangerous. 

A  convenient  instrument  for  de¬ 
tecting  radiation  is  the  Geiger  coun¬ 
ter.  A  sealed  glass  chamber  contains 
a  gas.  Into  the  chamber  extend  elec¬ 


Wunder  from  Monkmeyer 


trodes,  electric  terminals.  A  charged 
particle  will  pass  through  the  glass 
and  enter  the  gas-filled  chamber. 
The  passage  of  the  charged  particle 
through  the  gas  causes  an  electric 
discharge.  This  effect  is  amplified 
so  that  it  may  operate  a  counter  or 
sound  ticks  in  a  loud  speaker.  A 
Geiger  counter  carried  near  any 
substance  giving  off  radiation  an¬ 
nounces  the  presence  of  that  radia¬ 
tion. 

Atomic  engines.  We  do  not  have 
atomic  engines;  yet  their  invention 
may  not  be  far  off.  In  the  atomic 
pile  used  for  wartime  production  of 
atomic  bombs,  great  quantities  of 
heat  were  allowed  to  go  to  waste. 
The  pile  was  continually  cooled  by 
the  passage  of  cold  water.  This  water 
was  heated  to  high  temperatures  by 
atoms  dividing  within  the  pile.  Such 
quantities  of  heat  could  be  used  to 
make  steam  to  run  steam  engines  or 
to  operate  gas  turbines.  The  heat 
might  also  be  used  in  other  ways  in 
great  industrial  areas.  Heat  is  en¬ 
ergy  and  our  engineers  could  work 
out  methods  of  using  the  heat.  Our 
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Prospectors  use  Geiger  counters  to 
hunt  for  uranium.  How  can  they  tell 
if  the  rocks  have  uranium?  In  what 
other  ways  are  Geiger  counters  used? 
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The  scientist  above  is  using  a  radia¬ 
tion  meter  to  determine  the  radio¬ 
activity  of  soil  blasted  by  an  atomic 
bomb.  At  the  right  are  two  pictures  of 
an  atomic  thermometer.  Each  shaft  of 
light  indicates  the  amount  of  energy 
released  by  a  smashed  atom.  This  in¬ 
strument  provides  an  accurate  gauge 
for  measuring  the  energy  released  by 
atoms 

present  difficulty  lies  first  in  the  orig¬ 
inal  cost.  Although  a  piece  of  ura¬ 
nium  the  size  of  a  walnut  could  pro¬ 
duce  as  much  energy  as  1500  tons 
of  coal,  the  cost  of  the  installation 
at  present  makes  the  coal  cheaper. 
A  further  difficulty  is  the  massive 
size  of  the  installation.  The  six-foot- 
thick  concrete  walls  alone  would  ex¬ 
clude  such  installations  from  most 
uses  of  transportation  and  industry. 
However,  since  the  products  of  the 
atomic  pile  have  many  uses  that  are 
just  being  developed,  the  total  out¬ 
put  of  an  atomic  installation  may 
make  it  pay.  It  may  be  some  time 
before  an  automobile  makes  use  of 
atomic  power  but  it  is  not  so  remote 
for  ocean  liners  nor  factories.  Work 
has  even  been  started  on  atomic  sub¬ 
marines  and  planes. 


The  H  bomb.  The  A  bomb  blew 
half  of  a  Japanese  city  into  powder, 
four  square  miles.  It  is  estimated 
that  the  hydrogen  bomb  or  H  bomb 
can  blow  a  vastly  larger  area  of  our 
great  cities  to  nothing  but  powder. 
And  the  H  bomb  seems  to  be  on  its 
way. 

The  A  bomb  or  atomic  bomb  ex¬ 
plodes  by  the  fission  or  splitting  of 
atomic  nuclei.  The  IJ  bomb  is  to 
work  by  fusion  of  atoms,  putting 
atoms  together.  The  H  bomb  idea  re¬ 
sembles  the  scientists’  idea  of  the 
sun.  The  sun’s  energy  comes  from 
the  union  of  light  nuclei  to  form 
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heavier  nuclei.  With  union,  waves 
of  energy  radiate  from  the  sun.  One 
of  the  most  abundant  elements  on 
the  sun  is  hydrogen.  A  hydrogen 
nucleus  contains  one  proton.  Four 
hydrogen  nuclei,  the  lightest  of  all 
nuclei,  can  be  re-arranged  to  form 
a  helium  nucleus,  the  next  heavier 
element.  A  helium  nucleus  contains 
two  protons  and  two  neutrons.  When 
the  hydrogen  nuclei  join,  they  re¬ 
lease  great  waves  of  energy.  That  is 
the  sun’s  radiation.  The  process  con¬ 
tinues.  Successive  additions  form 
carbon,  then  nitrogen,  and  then  oxy¬ 
gen,  and  with  each  union  come 
waves  of  energy.  With  the  formation 
of  oxygen,  hydrogen  nuclei  are 
again  produced.  This  hydrogen  may 
unite  and  continue  the  process.  Con¬ 
stant  addition  brings  constant  waves 
of  energy.  Matter  is  changed  into  en¬ 
ergy.  To  keep  the  sun  going  at  its 
present  rate,  400,000,000,000  tons 
of  matter  must  be  changed  into  en¬ 
ergy  each  second.  That  is  using  up 
matter  at  a  terrifying  rate.  But  do 
not  worry  lest  the  sun  go  out  for 
keeps.  There  is  enough  to  keep  the 
sun  going  for  at  least  a  billion  more 
years. 

Can  science  imitate  the  sun,  join 
hydrogen  nuclei  with  hydrogen  nu¬ 
clei  to  produce  energy  by  fusion  in¬ 


stead  of  by  fission?  The  idea  is 
being  studied  by  scientists  behind 
the  curtain  of  government  secrecy. 

Amending  a  law  of  science. 
The  law  of  the  Medes  and  Persians, 
which  changeth  not,  is  of  the  ancient 
past.  The  laws  of  science  are  but  de¬ 
scriptions  of  what  scientists  have  ob¬ 
served  in  nature.  As  scientists  see 
more,  they  change  their  descriptions. 
A  former  law  of  science  was  the  con¬ 
servation  of  matter  and  energy,  that 
neither  matter  nor  energy  can  be 
created  or  destroyed.  The  study  of 
atomic  and  subatomic  processes  has 
shown  the  necessity  of  change  in  that 
law. 

The  waves  of  energy  that  come 
from  the  splitting  of  the  atom  are 
explained  by  the  scientist  as  the  en¬ 
ergy  that  held  the  articles  of  the 
atom  together  to  form  the  atom  of 
radium  or  uranium.  With  the  send¬ 
ing  of  the  wave,  matter  changes  to 
energy.  Therefore,  scientists  have 
revised  their  former  statements  of 
conservation  of  matter  and  energy 
to  agree  with  their  newer  observa¬ 
tion  and  experiment.  They  now  say 
that  matter  may  be  changed  into  en¬ 
ergy  and  energy  into  matter.  The 
quantity  of  matter  and  energy  may 
be  calculated.  They  now  speak  of  the 
equivalence  of  matter  and  energy. 


Unit  Nine 

Living  Things 


%  things  are  part  of  our  environment, 
lot  live  without  them.  They  are  built 
i jj  duff  of  earth.  There  is  nothing  else  to 

build  from .  The  energy  of  life  is  the  energy 
that  we  have  studied . 

The  energy  of  heat  maintains  life.  The  en¬ 
ergy  of  light  produces  our  food.  The  energy 
of  sound  and  of  light  are  means  of  learning 
us  of  danger,  of  enabling  us  to  exchange  ideas 
with  one  another,  and  of  yielding  us  pleasure. 
Electrical  changes  which  we  can  measure  are 
constantly  occurring  in  the  living  body. 

In  this  and  succeeding  units  we  shall  try  to 
answer  the  question  as  to  what  living  things 
are  and  how  they  manage  to  live.  We  shall 
study  the  processes  of  living.  W e  shall  see  how 
the  minerals  of  earth  and  the  elements  of  water 
and  air  become  our  food.  We  shall  see  how 
they  give  rise  to  living  matter  and  supply  the 
energy  of  life.  We  shall  see  how  new  living 
things  arise  and  spread  over  the  earth.  We  shall 
see  how  they  live  together — sometimes  helping 
one  another,  sometimes  destroying  one  an¬ 
other — yet  apparently  always  helping  life  to 
cover  every  nook  and  cranny  of  the  earth.  We 
shall  see  how  man  by  understanding  these 
processes  is  controlling  his  environment  and 
becoming  (ilord  of  the  fowl  and  brute ”  as  well 
as  of  the  plant  life  of  earth. 


( i )  (2)  Philip  Gendreau,  (S)  H.  M.  H.  Kimball,  U)  Black  Star 


Chapter  Forty-one 

What  Living  Things  Are 


Earth’s  living  things.  When  you 
see  a  dog  bounding  down  the  street  or 
a  mouse  scurrying  over  the  barn 
floor,  or  when  you  watch  a  sea  gull 
gracefully  circling  about  the  harbor, 
or  a  turkey  buzzard  drifting  away 
through  the  sky,  they  seem  very  dif¬ 
ferent  from  the  trees  and  the  grass 
and  the  weeds  that  stand  still  in  the 
dust  by  the  roadside.  These  animals 
have  eyes  to  find  food  and  shelter 
and  to  warn  them  of  enemies.  They 
have  mouths  for  eating,  and  stomachs 
and  intestines  for  digesting  food. 
They  have  muscles  to  move  them,  and 
nerves  to  make  the  muscles  work.  Yet 
plants,  with  none  of  these  organs, 
must  have  food  and  moisture,  and 
must  avoid  the  attacks  of  enemies. 
The  plant  world  has  solved  the  prob¬ 
lems  of  life  quite  as  well  as  has  the 
animal  world.  Many  of  the  problems 
of  life  are  the  same  for  both,  and 
both  classes  of  living  things  are  built 
of  the  same  living  substance,  not  very 
different,  so  far  as  we  can  determine, 
in  a  squash  plant  and  the  brain  of  a 
man. 

Life  must  have  oxygen  and 
water.  All  living  things  need  these 
two  important  substances.  If  you  try 
to  hold  your  breath  for  even  so  short 
a  time  as  one  minute,  you  will  find 
that  it  is  very  difficult  to  do,  if  not 
impossible.  Even  the  pearl  divers  re¬ 


main  under  water  only  forty-five  sec¬ 
onds  to  a  minute.  Fish,  too,  must 
have  air.  The  air  they  breathe  is  dis¬ 
solved  in  the  water.  If  you  place  a 
fish  in  an  air-tight  aquarium,  it  will 
soon  die.  Plants,  too,  breathe  oxygen. 
They  will  not  live  where  the  air  is 
robbed  of  oxygen.  Experiment  111 
shows  that  plants  breathe. 

Water  is  the  second  principal  need 
of  living  things.  Wild  animals  drink 
often  at  forest  pools.  We  leave 
basins  of  water  on  the  floor  for  our 
dogs  and  cats,  and  build  bird  baths 
for  the  birds.  Stabled  horses  must 
be  led  to  water  regularly.  The  roots 
of  plants  search  for  moisture  in  the 
soil  and  die  if  they  are  unable  to  ab¬ 
sorb  enough  of  it.  It  is  lack  of  water 
that  makes  the  great  deserts  where 
few  things  or  none  can  live.  All  the 
intricate  bodily  changes  that  consti¬ 
tute  living  can  go  on  only  in  the  pres¬ 
ence  of  water. 

Living  things  must  feed.  Both 
plants  and  animals  require  food  to 
keep  them  alive.  Animals  eat  plants 
and  change  them  into  muscles,  bones, 
skin,  nerves,  blood;  in  fact,  into  all 
the  parts  which  go  to  make  up  the 
animal.  Animals  that  do  not  eat 
plants  eat  other  animals  that  do,  in 
turn,  eat  plants.  Plants,  therefore, 
are  the  basis  of  the  food  supply  of 
the  world. 
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Lnimals  of  only  one  cell  (Protozoa) 
1  hay  infusion.  The  largest  are  Para- 
lecia.  Black  dots  are  bacteria 


Green  plants  make  their  own 
food.  They  make  it  out  of  gas, 
minerals,  and  water.  They  take  the 
gas  from  the  air,  and  the  minerals 
and  water  from  the  soil.  Only  the 
green  plants  can  make  their  own 
food,  and  they  do  it  with  the  energy 
of  the  sunlight.  The  magic  green 
stuff  of  plants  enables  them  to  use 
this  energy  from  the  sun.  With  it 
they  break  apart  carbon  dioxide 
absorbed  from  the  air  and  water 
absorbed  from  the  soil,  and  from 
the  broken  parts  build  up  a  new 
substance — sugar.  This  is  the  first 
food.  Other  foods  are  built  by  ad¬ 
ditions  of  other  elements  obtained 
from  the  minerals  of  the  soil. 

What  living  substance  is.  The 
bodies  of  living  things  are  made  up 
of  a  jellylike  substance  called  proto¬ 
plasm ,  which  is  the  essential  part  of 
every  living  organism.  The  manufac¬ 
ture  of  protoplasm  can  be  accom¬ 


plished  only  by  living  things ;  that  is, 
only  protoplasm  can  produce  more 
protoplasm.  Athough  chemists  can 
determine  the  chemical  elements  of 
which  it  is  composed,  it  dies  while 
being  analyzed.  Man  has  never  been 
able  to  put  together  these  chemical 
elements  to  produce  protoplasm. 

Cells.  We  see  a  huge  dray  horse 
moving  an  enormous  load.  The  horse 
is  a  living  thing;  therefore,  he  is 
made  of  protoplasm.  His  protoplasm 
is  organized  into  magnificent  mus¬ 
cles,  into  wonderful  organs  by  which 
he  sees  and  hears,  organs  that  digest 
and  secrete,  heart  and  vessels,  deli¬ 
cate  and  sensitive  nerves,  and  brain. 
The  power,  strength,  and  ability  of 
muscles  and  organs  to  perform  their 
work  depend  upon  how  protoplasm 
is  arranged  and  how  it  acts. 
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MOUTH 

EXCRETORY 
PORE 

CHLOROPLAST 

PROTOPLASM 

NUCLEUS 
CELL  WALL 


Various  forms  of  cells.  A, 
Tissue,  lining  abdomen.  B, 
Tissue,  lining  air  passages. 
C,  Red  blood  cells.  D,  Nerve 
cell.  E,  Muscle  cells.  F, 
Leaf  cell.  G,  Paramecium. 
Note  that  the  three  essen¬ 
tial  parts  of  a  cell,  the  pro¬ 
toplasm,  the  nucleus,  and 
the  cell  membrane  are 
present  in  each  cell 


With  the  aid  of  a  microscope  we 
can  see  that  the  protoplasm  is  ar¬ 
ranged  in  little  masses  which  are 
called  cells.  Cells  from  different 
parts  of  the  animal  body  differ  in 
shape  and  size  according  to  the  work 
they  have  to  do.  Plant  cells  from  dif¬ 
ferent  parts  of  the  plant  also  differ 
in  shape.  Each  cell,  however,  is 
made  up  of  protoplasm.  Usually  the 
tiny  drop  of  protoplasm  is  sur¬ 
rounded  by  a  thin  cell  membrane  or 
a  cell  wall. 

A  small  body  inside  the  cell  is 
called  the  nucleus.  The  nucleus 
seems  to  be  the  governing  center  of 
the  cell  that  regulates  its  life  proc¬ 
esses,  such  as  growth  and  reproduc¬ 
tion.  The  nucleus  is  composed  of  a 
denser  kind  of  protoplasm  than  the 
surrounding  parts.  Often  a  cell  con¬ 
tains  little  masses  of  food  or  other 
material.  Little  “bubbles”  of  gas  or 
liquid  are  often  seen.  These  are 
called  vacuoles. 

Cells  may  exist  alone ;  that  is,  one 
cell  may  exist  as  a  complete  plant  or 
animal,  too  small  to  be  seen  without 
the  aid  of  a  powerful  microscope; 


or  they  may  live  in  colonies  or 
groups  where  each  group  of  cells  has 
a  definite  kind  of  work  to  do.  It  is  in 
groups  that  most  cells  live  in  the 
horse,  in  a  man,  in  a  tree,  or  in  any 
living  thing  that  is  big  enough  to  be 
seen  with  the  unaided  eye.  Groups 
of  cells,  living  attached  to  one  an¬ 
other,  form  tissues.  Thus  the  horse 
is  made  up  of  groups  of  muscle  cells, 
bone  cells,  skin  cells,  fat  cells,  nerve 
cells,  digestive  cells,  etc.  There  is  a 
division  of  labor  among  the  cells  of 
a  body,  each  tissue  having  its  own 
work  to  do. 

An  animal  of  one  cell.  Fortu¬ 
nately  it  is  a  simple  matter  to  see 
some  of  these  tiny  units  of  life,  the 
cells.  If  you  collect  a  jar  of  water 
containing  some  dead  leaves  from  the 
edge  of  a  lake  or  pond,  or  if  you 
place  a  handful  of  hay  in  a  jar  of 
water  and  let  it  stand  at  room  temper¬ 
ature  for  a  few  days,  you  may  find 
great  numbers  of  living  things  com¬ 
posed  of  only  one  cell  each.  If  you 
put  a  drop  of  such  water  under  the 
microscope,  you  may  see  a  multitude 
of  objects  darting  about.  At  first  they 
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go  so  fast  that  you  can  make  out  very 
little  of  how  they  are  built.  They  are 
magnified  50  to  250  times  and  their 
motion  is  magnified  in  the  same  pro¬ 
portion.  When  they  settle  down,  as 
they  will  when  the  water  evaporates 
a  little,  you  can  see  them  better. 

They  are  animals  belonging  to  the 
group  called  Protozoa.  Animals  of 
this  group  are  made  of  only  one  cell 
each.  There  are  thousands  of  differ¬ 
ent  kinds  of  protozoa.  One  of  the 
common  kinds  we  find  in  stagnant 
water  is  called  Paramecium.  It  has 
no  common  name.  The  drawing 
shows  how  it  is  built.  It  darts  around 
by  the  motion  of  extremely  fine  little 
projections  called  cilia.  You  will  not 
be  able  to  see  one  of  these  cilia  as 
it  darts  about,  but  you  can  make  out 
that  there  is  something  moving  about 
the  edge  of  the  body.  You  can  make 
out  a  groove  slanting  into  a  mouth 
opening.  Inside  its  body  you  will  see 
little  objects,  some  of  which  are  bits 
of  food.  If  you  are  very  patient,  you 
will  see  also  the  little  star-shaped 
organs  by  which  liquid  wastes  are 
cast  out  of  the  body.  You  will  see 
these  excretory  (casting  out)  organs 
only  for  a  moment  as  the  star  changes 
into  a  bubble  and  then  bursts.  Some¬ 
times  you  can  make  out  the  nucleus, 
but  this  is  more  easily  seen  when  the 
cell  is  stained  with  certain  dyes. 

How  new  cells  arise.  Sometimes 
you  may  see  a  paramecium  that 
seems  misshapen,  constricted  in  the 
middle  as  if  a  string  were  tied 
around  it.  Such  a  cell  is  dividing  to 
form  two  cells.  If  you  keep  your  eye 


A,  A  paramecium  dividing.  B,  Two 
paramecia  conjugating 

on  it  patiently,  perhaps  for  nearly  an 
hour,  you  may  see  the  division  com¬ 
pleted  and  the  two  new  animals 
swim  away. 

At  other  times  you  may  see  a 
heart-shaped  object  somewhat  like 
that  shown  above.  Each  such  object 
is  made  of  two  paramecia  joined  to¬ 
gether.  The  animals  are  said  to  be  in 
conjugation.  After  a  time  the  two 
separate  and  swim  away.  After  con¬ 
jugation  each  divides  to  form  new 
animals.  In  conjugation  each  gives 
a  small  piece  of  its  nucleus  to  its 
mate.  The  exchange  seems  to  stimu¬ 
late  each  to  more  rapid  division. 

Tissues  and  growth.  A  one- 
celled  individual  which  reproduces 
by  division  forms  two  new  one-celled 
individuals  each  of  which  goes  on 
living  by  itself.  Most  cells  in  the 
bodies  of  higher  plants  and  animals 
reproduce  by  division  also,  but  they 
remain  attached  to  one  another  to 
form  groups  of  cells  or  tissues  (see 
picture  opposite). 

In  the  earliest  stage  of  their  lives 
the  cells  of  higher  plants  and  animals 
divide  rapidly  to  form  new  cells. 
This  is  one  part  of  the  process  of 
growth.  These  cells  give  rise  to  dif- 
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ferent  groups  of  cells.  Groups  of 
cells  later  become  differentiated; 
that  is,  one  group  becomes  different 
in  structure  and  arrangement  from 
others.  Each  such  group  has  a  dif¬ 
ferent  work  to  do  in  the  body.  One 
group  forms  skin;  another,  muscles, 
and  another,  digestive  organs.  Each 
cell  also  must  increase  in  size. 
Growth  is  thus  a  complicated  proc¬ 
ess  in  living  things  composed  of 
many  cells.  It  includes  the  division 
of  cells  to  make  new  cells,  the  dif¬ 
ferentiation  of  cells  to  form  tissue 
and  organs  of  different  kinds,  and 
the  increase  in  size  of  the  cells. 

Each  cell  alive.  Each  cell  in  a 
body  must  do  its  own  living.  It  must 
take  food,  oxygen,  water;  it  must  get 
rid  of  wastes  that  would  poison  it. 
All  living  protoplasm  must  do  these 
things.  If  the  protoplasm  makes  up 
a  one-celled  animal  like  a  para- 
mecium,  it  takes  its  food  and  oxygen 
from  the  water  in  which  it  lives  and 
gives  off  its  waste  to  the  water.  If  the 
protoplasm  makes  up  a  cell  buried 
deep  in  one  of  our  muscles,  it  must 
take  its  food  from  the  surroundings 
and  give  off  waste  to  them.  The 
bodies  of  higher  animals  and  plants 
have  methods  of  bringing  foods  and 
oxygen  to  these  deep  living  cells  and 
of  taking  away  wastes. 

Plants  of  one  cell.  In  the  water 
where  we  find  the  one-celled  animals 
we  may  find  also  one-celled  plants. 
Sometimes  they  form  dense  green 
coatings  on  the  top  of  stagnant  pools 
and  on  submerged  objects.  Some  of 
them  are  bright  green,  taking  the 


place  in  the  microscopic  world  of 
grass  and  other  larger  green  plants. 
Some  are  colorless  like  our  toad-  ' 
stools  and  mushrooms.  The  marginal  * 
drawings  show  some  of  these  one- 
celled  plants  that  you  may  find.  You  i 
may  see  them  in  stages  of  division,  , 
forming  new  one-celled  plants;  for 
they  divide  much  as  one-celled  ani-  r 
mals  do.  Some  of  these  microscopic 
plants  move  about  like  the  one-celled 
animals.  Others  live  attached  to 
stones,  mud,  sticks,  or  other  things 
under  water. 

The  great  microscopic  world. 

Many  thousands  of  microscopic  ani¬ 
mals  and  plants  are  known.  Many  j 
have  been  named  and  studied.  We 
can  scarcely  find  a  place  where  they 
do  not  live.  They  are  in  fresh  water  1 
and  in  the  sea.  They  are  on  the  rocks 
and  on  the  soil  and  under  the  ground. 
They  are  on  the  outside  of  plants  and 
animals,  and  inside  them,  too.  Our 
mouths  and  intestines  swarm  with 
them. 

Many  of  this  great  population 
seem  to  do  us  neither  good  nor  harm 
directly,  but  some  are  beneficial  and 
others  harmful.  Without  the  bacteria 
of  the  soil  we  should  get  no  crops. 
On  the  other  hand,  some  bacteria  j 
feed  inside  our  body  and  produce 
poisons  or  toxins  which  make  us  ill. 
Probably  every  kind  of  plant  or  ani-  j 
mal  that  lives  is  subject  to  disease 
caused  by  such  germs. 


Experiment  111 

Questions:  What  gas  do  plants  and 
animals  give  off  in  respiration? 
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An  apparatus  to  show  that  plants 
breathe  out  carbon  dioxide 

Materials:  Two  wide-mouthed  bot¬ 
tles;  two  2-hole  stoppers;  two  glass 
tubes  that  will  reach  to  the  bottoms  of 
the  bottles;  one  shorter  glass  tube  bent 
at  right  angles;  a  piece  of  rubber  a  few 
inches  long  to  slip  over  glass  tubes; 
limewater;  sprouted  seeds. 

Directions:  {a)  Arrange  as  shown  in 
the  diagram.  Allow  to  stand  24  hours. 
Put  fresh  limewater  into  bottle  at  right. 
Draw  out  the  air  from  this  bottle. 

( b )  Exhale  through  a  glass  tube  into 
a  test  tube  of  limewater. 

Results:  What  happens  to  the  lime- 
water? 

Conclusion:  Answer  question. 

Practical  applications:  Is  your  respi¬ 
ration  like  or  unlike  that  of  the  plant? 
What  effect  will  a  plant  have  in  the 
aquarium  at  night? 

Demonstration 

Question:  What  is  the  appearance  of 
living  cells? 

Materials:  A  compound  microscope; 
slides;  a  knife;  a  medicine  dropper;  a 
tumbler;  a  plate  of  glass  to  cover  the 
tumbler;  a  small  handful  of  hay;  a 
small  piece  of  bark  from  a  tree  trunk 
bearing  the  green  mosslike  material. 

Directions:  {a)  Ten  days  before  you 
study  cells,  put  a  handful  of  hay  into  a 
glass  of  water  and  allow  it  to  stand  in 
the  room,  covered  with  a  plate  of  glass 
to  reduce  evaporation. 


(6)  Mount  on  a  microscope  slide  a 
little  of  the  green  from  the  tree  trunk 
and  examine  it  under  the  microscope. 
With  a  medicine  dropper  place  on  the 
slide  a  drop  of  water  from  the  glass  in 
which  has  has  been  soaking,  and  exam¬ 
ine  it  under  the  microscope. 

Observations:  {a)  You  see  micro¬ 
scopic  plants  composed  of  one  cell  each. 
How  do  you  account  for  the  little 
bunches  of  cells?  Do  you  see  a  clear 
cell  wall  around  the  cells?  Draw 
sketches  showing  single  cells  and  little 
bunches  of  cells  as  you  see  them  under 
the  microscope. 

(6)  You  will  see  many  one-celled 
animals  moving  swiftly  about.  How  do 
they  move?  Can  you  see  a  mouth?  Can 
you  discover  anything  inside  the  ani¬ 
mal’s  body?  Try  to  find  the  structures 
described  on  page  303.  Do  you  see  any 
as  in  Figure  A  on  page  303?  Do  you 
see  any  conjugating  as  in  Figure  B  on 
page  303? 


Demonstration 

Question:  What  is  the  appearance  of 
tissues? 

Materials:  An  onion;  a  small  knife; 
slides;  a  compound  microscope. 

Directions:  With  the  knife  strip  off  a 
little  of  the  skin  of  one  of  the  inner 
leaves  or  scales  of  the  onion.  Mount  it 
on  the  slide  with  a  drop  of  water.  Ex¬ 
amine  under  the  microscope. 

Observations:  Note  the  shape  of  the 
cells,  how  they  are  fitted  together, 
whether  there  are  any  openings  between 
the  cells.  Look  for  a  little  round  body  in¬ 
side  the  cell.  It  may  not  be  seen  in  all 
cells.  It  is  the  nucleus.  Does  there  seem 
to  be  any  material  in  the  cells  outside 
of  the  nucleus?  Both  the  material  of 
the  nucleus  and  the  sandy  material  out¬ 
side  of  the  nucleus  are  living  substances, 
protoplasm.  Draw  a  sketch  showing 
what  you  have  seen. 


Chapter  Forty-two 

How  a  Plant  Gets  Water  and 
Minerals 


The  living  plant.  When  you 
look  at  the  living  plant  in  your  gar¬ 
den  or  in  the  laboratory,  you  see 
stems  and  leaves,  perhaps  also  flower 
or  fruit.  Down  in  the  ground,  away 
from  the  sunlight,  are  the  roots. 
Each  part  has  its  own  particular 
work  to  do.  The  root  holds  the  plant 
in  place  and  gathers  minerals  and 
water  from  the  soil.  The  stem  holds 
the  leaves  up  where  they  can  get  the 
energy  of  the  sunlight,  and  carries 
the  water  and  soil  minerals  to  them. 
The  leaves  make  the  food,  and  the 
stem  carries  some  of  it  down  again 
to  the  parts  of  the  plant  below. 
Flowers  are  organs  in  which  new 
plants  are  made. 

How  roots  hunt  water.  If  you 
turned  a  young  plant  upside  down, 
would  its  root  become  a  stem  and 
grow  leaves  and  its  stem  grow  into 
the  ground  and  produce  roots?  The 
drawing  below  shows  an  experiment 
to  determine  that.  A  seedling  was 


The  seedling 
was  turned  on 
its  side.  How 
did  stem  and 
root  change 
direction? 


turned  on  its  side  after  it  was  well 
started.  You  notice  that  the  root  turns 
down  again  as  if  it  knew  it  belonged 
in  the  ground.  We  have  not  discov¬ 
ered  why  roots  grow  down,  but  down 
they  go.  Water  is  generally  in  the 
ground  below  and  they  grow  toward 
the  water.  Roots  from  a  Carolina 
poplar  have  been  known  to  grow 
fifty  yards  directly  toward  a  drain 
pipe,  and  then  enter  the  pipe  through 
the  joints.  In  many  communities 
planting  of  poplar  trees  is  prohibited 
because  their  roots  search  out  drain 
pipes  and  fill  them.  The  drawing  on 
page  318  shows  an  experiment  that 
demonstrates  how  roots  go  out  of 
their  way  to  reach  water. 

How  a  plant  drinks.  Try  a  sim¬ 
ple  experiment  in  which  you  use  lab¬ 
oratory  apparatus  to  show  how  plants 
absorb  water. 

You  will  need  a  glass  tube  and  an 
egg  with  the  shell  chipped  off  at  the 
large  end,  leaving  only  the  mem¬ 
brane  lining.  Insert  the  tube  well 
down  into  the  small  end  of  the  egg, 
making  a  hole  through  the  shell  and 
the  membrane,  and  seal  them  to¬ 
gether  with  sealing  wax.  Set  the  end 
of  the  egg  with  the  membrane  ex¬ 
posed  in  a  tumbler  of  water  with  the 


314 


315 


WATER  AND  MINERALS  IN  PLANTS 


tube  upright.  Here  you  have  the 
thick  substance  of  the  egg  separated 
by  a  membrane  from  a  thinner  (less 
dense)  substance,  water.  The  upper 
part  of  the  egg  is  open  to  the  air  by 
way  of  the  glass  tube.  Set  the  experi¬ 
ment  up  one  day  and  put  it  aside.  By 
next  morning  the  egg  has  entered  the 
glass  tube  and  stands  above  the  shell. 
Leave  it  another  day.  The  rising 
process  continues  until  the  egg  runs 
out  of  the  top  of  the  tube. 

A  similar  experiment  could  be 
tried  with  a  parchment  (membrane) 
bag  containing  molasses  or  sugar  so¬ 
lution,  tied  over  the  end  of  a  tube 
and  placed  in  the  water.  The  mo¬ 
lasses  will  be  pushed  up  the  tube. 
Later,  if  you  test  the  water  outside 
the  bag,  you  will  find  that  some  of 
the  molasses  has  come  out  of  the  bag. 
The  escape  of  the  molasses  will  con¬ 
tinue  until  the  liquids  inside  and  out¬ 
side  are  equally  dense.  The  greater 
flow  at  first  is  toward  the  thicker  or 
denser  liquid.  The  process  whereby 
liquids  pass  through  membranes  in 
this  manner  is  called  osmosis . 

Root  cells  that  absorb.  We  shall 
first  see  how  root  cells  are  so  adapted 
that  they  absorb  water  and  dissolved 
material  from  the  soil.  If  you  pull  a 
root  from  the  ground,  you  seldom 
see  the  structures  that  do  the  actual 
work  of  absorbing.  They  are  so  deli¬ 
cate  that  they  are  destroyed  as  you 
pull  up  the  plant.  To  see  them  you 
must  grow  plants  in  such  a  way  as  to 
preserve  them. 

Take  an  ordinary  drinking  glass 
and  stretch  over  the  top  a  piece  of 


Both  experiments  show  osmosis,  or 
the  passage  of  liquids  through  mem¬ 
branes 


mosquito  netting.  Fasten  it  tightly 
with  a  rubber  band.  Pour  water  care¬ 
fully  through  the  mosquito  netting 
into  the  glass  until  it  is  full  enough 
just  to  touch  the  cloth.  Place  half  a 
dozen  oat  or  barley  seeds  on  top  of 
the  net.  Set  aside  for  two  or  three 
days,  adding  water  to  replace  any 
lost  by  evaporation.  Before  long  the 
seeds  will  sprout.  Little  shoots  will 
spring  upward  and  little  roots  will 
grow  downward  through  the  net 
into  the  water.  As  the  roots  grow 
into  the  water,  allow  the  water  to 
evaporate  somewhat  or  remove  some 
with  a  medicine  dropper,  as  the 
root’s  absorbing  organs  develop  best 
in  the  moist  air  above  the  water. 
Using  great  care,  hold  the  glass  up 
to  the  light  from  time  to  time.  You 
will  discover,  growing  out  from  the 
sides  of  the  roots  above  the  water, 
something  that  looks  like  delicate 
fur.  By  using  a  hand  magnifier  you 
can  see  that  the  “fur”  is  made  up  of 
delicate  transparent  projections  from 
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A  root  tip  and  a  root  hair,  both 
highly  magnified 


the  root.  The  projections  are  called 
root  hairs. 

Each  root  hair  is  a  projection  of 
an  epidermal  (skin)  cell.  Inside  the 
cell  is  protoplasm  and  a  liquid 
known  as  cell  sap.  The  protoplasm 
and  the  cell  sap  are  denser  solutions 
than  the  water  in  the  soil.  As  the  soil 
water  is  a  weaker  (less  dense)  solu¬ 
tion,  the  water  passes  from  the  soil 
into  the  root  hair  by  osmosis,  and 
finally  into  the  epidermal  cell  of 
which  it  is  a  part. 

How  water  is  passed  along. 
When  the  soil  water  enters  an  epi¬ 
dermal  cell,  it  dilutes  or  thins  its 
contents,  making  this  cell  less  dense 


than  the  cell  that  has  not  yet  received 
the  soil  water.  Water  and  dissolved 
substances  pass  into  the  next  cell. 
This  process  repeats  itself.  Each 
cell  passes  water  on  to  its  neighbor. 

How  plants  get  minerals. 
Water  in  the  soil  is  never  chemically 
pure.  It  dissolves  some  of  the  min¬ 
erals  that  it  meets  in  the  soil.  Just  as 
some  of  the  sugar  in  our  experiment 
passes  through  the  membrane  by  os¬ 
mosis,  so  some  of  the  minerals  dis¬ 
solved  in  the  soil  water  pass  into  the 
cells.  These  minerals  are  necessary 
in  the  plant  to  build  some  of  its 
foods.  Carbon,  hydrogen,  nitrogen, 
potassium,  calcium,  magnesium, 
phosphorus,  sulfur,  iron,  and  other 
elements  in  smaller  quantities  are 
found  in  plants.  All  these  enter  the 
plant  dissolved  in  water  from  the 
soil.  Carbon  and  oxygen  also  enter 
the  plant  through  the  leaves  from  the 
air. 

How  a  root  is  built.  Certain 
cells  in  the  root  are  especially 
adapted  to  absorb  water  from  the 
soils,  others  to  pass  solutions  along 
rapidly,  and  still  others  to  store  ma¬ 
terials.  When  you  split  a  carrot 
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At  the  left,  the  root 
of  a  carrot  plant.  At 
the  right,  a  cross  sec¬ 
tion  of  a  root  in  the 
soil 
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The  root  system  of  a  barberry.  The 
roots  gather  food  and  anchor  the 
plant 


lengthwise,  you  can  easily  make  out 
three  distinct  regions — the  epider¬ 
mis  (outer  skin),  the  central  cylin¬ 
der  (a  more  woody  part  in  the  cen¬ 
ter),  and  the  cortex  (the  fleshy  part 
between  the  epidermis  and  the  cylin¬ 
der). 

When  you  look  at  these  regions 
of  a  root  under  the  microscope,  you 
find  that  each  is  composed  of  its  own 
special  kind  of  cells.  On  this  close 
examination  you  find  that  the  outer 
layer  (the  epidermis)  is  composed 
of  oblong  cells.  The  function  of 
these  cells  is  to  protect  the  parts  in¬ 
side.  On  a  small  part  of  each  fine  root 
are  the  root  hairs  extending  from  epi¬ 
dermal  cells.  In  the  central  cylinder 
we  find  cells  which  give  toughness 
and  strength,  and  transfer  liquids 
and  air  to  and  from  the  other  parts 
of  the  plant.  These  cells  toughen  as 
they  grow  and  often  are  woody  in  ap¬ 
pearance.  The  cortex  holds  soil  water 

and  transfers  liauids  to  and  from 
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the  central  cylinder  and  the  epider¬ 
mis.  It  serves  also  as  a  storehouse 
for  food. 

Another  tissue  that  is  found  in 
roots  is  cambium.  It  has  to  do  with 
growth.  You  will  learn  more  about 
this  tissue  when  you  study  stems. 

Storing  for  the  future.  As  you 
proceed  through  the  study  of  life 
processes  of  living  things,  you  will 
find  that  living  things  store  food 
against  a  time  when  it  may  not  be 
plentiful.  Wild  animals  store  fat  in 
their  bodies  and  become  sleek  when 
foraging  is  good.  After  a  hard  win¬ 
ter,  when  the  snow  has  covered  the 
plants  which  they  eat,  they  are  thin, 
but  they  have  been  able  to  subsist  on 
the  fat  that  they  had  stored  up.  Bees 
and  some  other  animals  spend  the 
whole  summer  storing  up  food  for 
the  winter  months.  So  it  is  with 
plants. 

Roots  serve  as  storehouses  of  food 
in  some  plants.  Usually  this  is  the 
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case  in  plants  that  require  two  sea¬ 
sons  to  complete  their  growth.  We  are 
all  familiar  with  the  fleshy  roots  of 
the  turnip,  the  beet,  and  the  carrot. 
During  their  first  year  of  life  these 
plants  store  food  in  their  roots.  The 
second  spring  they  send  up  a  flower 
stalk  and  produce  a  large  head  of 
flowers.  Seeds  are  formed  in  the 
flowers;  but  the  formation  of  the 
seeds  uses  up  the  food  supply.  If  the 
plant  is  grown  as  a  crop  plant,  it 
often  does  not  get  a  chance  to  make 
its  seeds;  for  man  steps  into  the 
plant’s  life  to  rob  it  of  the  stored 
food  at  the  end  of  the  first  summer 
before  it  produces  its  flowers.  If 
beets,  carrots,  and  turnips  are  al¬ 
lowed  to  grow  the  second  season, 
there  is  no  food  left  in  the  root  for 
man  to  eat. 

Experiment  112 

Question:  In  what  direction  do  roots 
and  stems  grow? 

Materials:  Two  pieces  of  glass  4  or  5 
inches  square;  a  piece  of  heavy  cloth  or 
several  pieces  of  blotting  paper  the 
same  size  as  the  glass;  radish  or  other 
small  seeds  for  sprouting. 

Directions :  (a)  Lay  one  of  the  pieces 
of  glass  on  your  desk.  Place  on  it  the 
heavy  cloth  or  blotting  paper.  Place  sev- 


At  left,  a  pocket 
garden.  At  right, 
an  apparatus  to 
show  that  the 
roots  of  plants 
grow  toward  a 
source  of  water 


eral  seeds  (about  the  same  thickness) 
about  1J  inches  apart  on  the  cloth  or 
blotter.  Lay  the  second  piece  of  glass 
over  the  seeds.  With  a  piece  of  string, 
or  rubber  bands,  fasten  the  pieces  of 
glass  tightly  enough  to  hold  the  seeds  in 
place.  You  have  a  “pocket  garden.” 

( b )  Stand  the  pocket  garden  edge¬ 
wise  in  a  pan  containing  about  an  inch 
of  water.  The  water  will  wet  the  cloth, 
which  will  in  turn  moisten  the  seeds. 

(c)  After  a  few  days  you  will  be  able 
to  see  the  sprouting  seeds  develop  their 
roots  and  stems.  1.  In  which  direction 
do  the  roots  grow?  2.  In  which  direc¬ 
tion  do  the  stems  grow? 

(d)  When  you  are  sure  of  the  direc¬ 
tion  of  growth  of  the  roots  and  stems, 
turn  the  pocket  garden  so  that  one  of 
the  side  edges  is  in  the  water.  Watch  it 
for  several  days.  3.  Do  the  roots  and 
stems  continue  to  keep  growing  in  a 
straight  line  toward  the  edges  of  the 
glass  they  originally  started  for?  4. 
What  seems  to  determine  the  direction 
of  growth? 

Diagrams:  1.  Pocket  garden  as  first 
built.  2.  Pocket  garden,  after  seedlings 
show  direction  of  growth.  3.  Pocket 
garden  showing  direction  of  growth 
after  turning. 

Conclusion:  Answer  the  question. 

Experiment  113  (Optional) 

T o  show  that  roots  grow  toward 
water.  Replace  the  bottom  of  a  box  with 
wire  screen.  Put  in  an  inch  of  wet  moss 
or  sawdust.  Support  it  so  that  you  can 
see  the  bottom  from  below.  Plant  beans 
or  peas  at  one  edge.  Do  the  roots  grow 
down  or  do  they  fellow  the  wet  moss? 


Chapter  Forty-three 

How  Plants  Make  Food 


Leaves  face  the  sun.  When  we 
seek  the  shade  of  a  spreading  tree 
on  a  hot  summer  day,  we  take  ad¬ 
vantage  of  the  tree’s  necessity.  The 
tree  must  spread  itself  in  the  sun  to 
get  energy  for  its  life  work.  It  must 
hold  its  leaves  up  so  that  they  can  get 
all  the  sunlight  possible.  Leaves  are 
the  tree’s  food  factories,  and  these 
factories  run  by  sun  power. 

If  you  examine  the  arrangement 
of  leaves  on  a  twig,  you  will  find  that 
the  leaves  are  fitted  together  to  dis¬ 
play  the  greatest  possible  surface  to 
the  sun.  Probably  you  have  noticed 
house  plants  on  a  window  sill  grow¬ 
ing  toward  the  light  until  their  leaves 
are  flattened  against  the  window- 
pane. 

Sun  power  makes  food.  Let  us 

show  by  experiment  that  green 
leaves  manufacture  food,  and  that 
they  do  it  in  the  sunlight  but  not  in 
the  dark.  Set  a  plant  in  a  dark  closet 
and  another  in  the  sun.  After  several 
hours  remove  a  leaf  from  each  plant. 
Kill  the  leaves  by  plunging  them 
into  hot  water.  Then  soak  them  in 
alcohol  until  all  the  green  substance 
is  dissolved.  The  green  substance  is 
called  chlorophyll.  When  the  leaves 
are  bleached  white,  put  them  into  a 
solution  of  iodine.  A  dark  color, 
black  or  blue,  develops  in  the  leaf 
that  was  in  sunlight,  but  not  in  the 
leaf  that  was  in  the  dark.  Iodine  turns 


starch  blue.  This  shows  that  starch 
forms  in  the  leaves  on  which  the  sun 
shines.  The  process  is  therefore 
called  photosynthesis  (putting  to¬ 
gether  by  means  of  light). 

Where  the  plant  gets  raw  ma¬ 
terials.  Starch  is  composed  of  the 
three  elements  carbon,  hydrogen, 
and  oxygen.  These  three  must  pass 
into  the  plant  to  be  used  in  making 
starch.  Carbon  and  hydrogen  are  not 
found  free  about  the  plant.  A  gas  of 
the  air,  however,  carbon  dioxide,  is 
composed  of  carbon  and  oxygen 
(CO2).  Hydrogen  is  one  of  the  ele¬ 
ments  of  water  (H2O).  We  have 
learned  that  water  enters  the  roots 
from  the  soil.  Carbon  dioxide  from 
the  air  enters  the  leaves  through  mi¬ 
croscopic  openings. 

How  leaves  are  fitted  for  their 
work.  Most  leaves  are  broad  and 
flat  and  lie  with  the  flat  side  to  the 
sun.  Those  that  are  narrow  like  the 
grass  leaves  are  long  as  well.  Leaf 
stalks  (petioles)  often  show  twistings 
that  turn  the  blades  (broad  part)  flat 
to  the  sun.  Leaves  thus  seem  espe¬ 
cially  designed  by  shape  and  growth 
to  fit  them  for  the  work  that  goes  on 
in  the  sunlight.  You  will  notice  if  you 
hold  a  leaf  to  the  light  that  it  has  a 
system  of  veins  arranged  to  bring  the 
supplies  of  water  to  every  part  of  the 
leaf  surface.  The  veins  of  a  rose 
leaf  are  shown  on  the  next  page. 
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The  cells  of  a  leaf  also  are  ar¬ 
ranged  to  help  the  great  work  of 
photosynthesis.  The  outside  layer  on 
the  upper  and  lower  sides  of  the  leaf 
(the  epidermis)  is  colorless  so  that 
the  sunlight  passes  straight  through. 
Inside  a  leaf  are  layers  of  cells  that 
contain  round  green  bodies,  the 
chlorophyll  bodies.  Chlorophyll  is 
the  most  important  part  of  a  leaf,  for 
it  alone,  of  all  the  substances  we 
know  in  nature,  has  the  power  of 
using  the  sunlight  to  make  starch 
from  carbon  dioxide  and  water.  The 
layer  of  internal  cells  (mesophyll 
cells)  lying  next  the  upper  epider¬ 
mis  or  skin  is  packed  close  (called 
the  palisade  layer).  This  gives  a 


System  of  veins  in  a  rose  leaf.  The 
drawing  shows  arrangement  of  leaf 
cells 
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The  stoma  or  “breathing”  pore  allows 
gases  to  enter  or  leave  the  leaf 

good  exposure  of  chlorophyll  to  the 
sun.  The  cells  below  are  loosely  fitted 
together  (spongy  layers) ,  permitting 
gas  and  water  vapor  to  circulate 
freely.  Veins  bringing  water  branch 
among  the  loose-fitting  cells.  Micro¬ 
scopic  mouths  (stomata)  open 
through  the  epidermis,  especially  on 
the  lower  side  of  the  leaf.  Each  mi¬ 
croscopic  mouth  is  surrounded  by 
two  guard  cells  that  open  and  close 
the  mouth.  Gases  entering  or  leaving 
the  leaf  pass  through  the  stomata. 
The  spaces  between  the  loose-fitting 
cells  (intercellular  spaces)  are  in 
communication  with  the  stomata  so 
that  gases  from  the  air  may  reach  the 
working  cells.  Excess  gases  from  the 
interior  cells  and  excess  water  vapor 
pass  out  the  same  channels. 

Digesting  and  forwarding 
foods.  The  chemist  can  show  that 
the  first  food  made  by  the  leaves  in 
the  sunlight  is  not  starch  but  sugar. 
Sugar  is  very  similar  to  starch  chem¬ 
ically,  being  composed  of  the  same 
three  elements — carbon,  hydrogen, 
and  oxygen.  The  sugar  when  formed 
in  photosynthesis  is  immediately 
changed  to  starch.  But  the  starch  is 
in  the  leaf  for  only  a  short  time.  If 
we  pluck  a  leaf  from  a  plant  a  few 
hours  after  the  sun  has  left  it,  we  find 


no  starch.  There  are  substances  in 
the  leaf  called  enzymes  that  change 
the  starch  to  sugar  again.  Sugar  in 
solution  readily  passes  through  the 
cell  membranes  by  osmosis  and  so  is 
passed  down  through  the  veins  and 
stem  even  as  far  as  the  root.  In  roots 
and  stems  enzymes  again  change  the 
sugar  into  starch  for  storage  in  the 
cells,  for  starch  does  not  pass  through 
cell  walls  by  osmosis.  Cells  in  roots 
and  stems  may  act  as  storehouses  for 
the  surplus  food.  Few  leaves  act  as 
storehouses  for  starch.  The  accumu¬ 
lation  of  starch  in  the  leaf  cells 
might  interfere  with  their  work  of 
making  more  food.  Seeds  and  fruits 
receive  and  store  a  large  part  of  the 
food. 

Elements  to  make  fats  and 
proteins.  In  addition  to  starch  and 
sugar,  all  living  things  need  other 
foods.  Proteins  and  fats  must  be  sup¬ 
plied.  The  plant  must  make  them 
also.  Fats,  like  starch,  are  composed 
of  the  three  elements — carbon,  hy¬ 
drogen,  and  oxygen.  Proteins  need, 
in  addition,  the  elements,  nitrogen, 
sulfur,  and  phosphorus.  These  ad¬ 
ditional  elements  come  into  the  plant 

(dissolved  in  the  soil  water  and  are 
carried  by  the  veins. 

Getting  rid  of  wastes.  The  plant 
takes  up  from  the  soil  a  great  deal 
more  water  than  it  needs  in  starch 
making.  A  current  of  water  passes 
steadily  up  from  the  roots  to  the 
leaves.  Water  has  many  things  to  do 
in  the  plant.  One  of  these  is  to  carry 
substances  up  the  stem,  for  all  solid 
substances  must  be  dissolved  to 
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Pea  vine  showing  tendrils,  which  are 
leaves  adapted  for  climbing 

travel  from  cell  to  cell.  When  the 
water  has  done  its  work,  the  surplus 
must  be  gotten  rid  of.  It  passes  off  as 
water  vapor  through  the  stomata. 
This  passing  off  of  water  vapor  from 
the  leaf  is  called  transpiration.  The 
picture  on  page  315  illustrates  an 
experiment  to  show  transpiration. 

Still  other  matters  pass  from  the 
leaves  as  waste.  The  cells  of  the  leaf 
get  more  oxygen  from  the  water  and 
carbon  dioxide  than  they  use  for 
starch  making.  The  surplus  oxygen 
is  given  off  through  the  stomata. 
Carbon  dioxide,  too,  sometimes 
passes  out  of  the  stomata.  Plants,  like 
animals,  breathe.  They  take  in  oxy¬ 
gen  and  give  out  carbon  dioxide  as 
waste.  While  photosynthesis  is  going 
on,  there  is  no  surplus  carbon  diox¬ 
ide,  but  at  night  the  carbon  dioxide 
is  in  excess  and  must  be  passed  out 
from  the  leaf. 

Special  jobs  of  leaves.  Some 
leaves  do  special  work.  These  leaves 
are  especially  modified  or  adapted 
to  carry  on  such  work.  Some  plants 


321 


use  their  leaves  as  climbing  organs 
or  tendrils.  Others,  like  the  sedums, 
use  them  as  storehouses.  Others 
again,  like  the  barberry,  have  them 
changed  to  thorns  which  serve  for  de¬ 
fense  against  browsing  animals.  The 
insect-eating  plants,  as  sundews, 
pitcher  plants,  and  Venus’s-flytraps, 
use  their  leaves  to  catch  insects. 
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The  leaves  of  (1)  the  sundew,  (2) 
the  pitcher  plant,  and  (3)  Venus’s  fly¬ 
trap,  are  modified  for  catching  insects 

When  their  work  is  done.  After 
leaves  have  performed  their  life 
work,  their  cells  die  and  they  fall  to 
the  ground.  Some  plants,  however, 
such  as  pines,  spruces,  and  hemlocks, 
retain  their  leaves  for  two  years  or 
more.  These  trees  are  always  green. 
When  we  walk  in  an  evergreen  grove, 
we  find  that  the  floor  of  the  forest  is 
covered  with  the  tiny  leaves 
(needles).  As  the  old  leaves  fall, 
new  ones  take  their  places. 

Many  trees,  such  as  the  maple, 
elm,  and  most  oaks,  shed  all  their 
leaves  at  the  same  time— -in  the  fall 
of  the  year.  First,  the  leaves  begin  to 
change  in  color.  Cold  weather  comes 
on  or  food  conditions  become  un¬ 
favorable,  and  the  activity  of  the 
cells  of  the  leaves  stops.  The  tree  is 
going  into  the  winter  sleep.  The  red, 
russet,  orange,  and  brown  of  the  fall 
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foliage  is  due  to  the  waste  substances 
that  have  accumulated  as  the  chloro¬ 
phyll  stops  work  and  is  destroyed.  In 
a  wooded,  mountainous  country  the 
colors  may  be  so  beautifully  blended 
as  to  remind  one  of  the  richest  orien¬ 
tal  tapestry.  It  is  a  sign  of  death,  of 
completion  of  the  work  of  these 
leaves.  When  the  leaves  fall,  a  water¬ 
proof  layer  appears  on  the  scar  left 
where  each  leaf  has  broken  off. 
This  prevents  loss  of  sap  while  the 
tree  is  in  the  quiet  stage. 

Experiment  114 

Question:  Under  what  conditions  is 
starch  made  by  green  leaves? 

Materials:  Desk  apparatus;  a  vigor¬ 
ously  growing  plant  such  as  a  geranium; 
tin  foil  or  black  paper;  paper  clips; 
alcohol;  solution  of  iodine. 

Directions :  With  the  paper  clips  fas¬ 
ten  two  small  squares  of  black  paper 
opposite  each  other  on  upper  and  lower 
sides  of  a  leaf.  Place  in  the  sun  for  sev¬ 
eral  hours.  Then  pluck  the  leaf  with  the 
paper  squares  and  immediately  kill  in 
hot  water.  Place  in  alcohol  until  next 
day  or  bleach  white  in  hot  alcohol.  The 
safest  way  to  heat  alcohol  is  to  place  a 
beaker  of  alcohol  in  a  larger  beaker  of 
boiling  hot  water  with  no  flame  under  it. 
Alcohol  vapor  is  very  inflammable.  Soak 
bleached  leaves  in  iodine  solution. 

Results:  What  happened  to  the  leaves 
in  the  iodine? 

Conclusion:  Answer  question. 

Experiment  115 

Question:  What  waste  substance  is 
given  off  when  plants  make  starch? 

Materials:  Some  Elodea  or  other 
plant  that  grows  submerged;  a  six-inch 
battery  jar;  a  glass  funnel  that  fits  in¬ 
side  the  jar;  a  test  tube  that  fits  over 
the  tube  of  the  funnel. 


Directions:  Nearly  fill  the  jar  with 
water.  Put  in  the  Elodea.  Cover  the 
plant  with  the  funnel  tube  pointing  up¬ 
ward.  The  water  in  the  jar  must  cover 
the  upper  end  of  the  funnel  tube.  Fill 
test  tube  with  water,  cover  with  thumb 
and  invert  over  end  of  funnel  tube  so 
that  it  remains  filled  with  water.  Stand 
it  in  the  sun.  Examine  hourly.  Repeat 
the  experiment  away  from  the  sunlight. 

Results:  What  happens  to  the  water 
in  the  test  tube?  When  full,  try  with  the 
spark  test. 

Note. — As  this  gas  is  not  pure  oxy¬ 
gen  but  is  mixed  with  air,  the  spark 
test  we  used  in  the  study  of  oxygen 
sometimes  does  not  work. 

Conclusion:  Answer  the  question. 

Practical  application:  What  effect 
would  such  plants  have  upon  the  water 
in  an  aquarium?  Would  they  benefit  or 
harm  the  fish  and  other  animals? 

Experiment  116 

Question:  Does  moisture  pass  off 
from  leaves? 

Materials:  Two  tumblers;  a  card  to 
fit  across  top  of  tumblers;  a  freshly 
plucked  leaf. 

Directions:  Arrange  as  shown  in  the 
figure  below.  Place  in  the  sun  and  ex¬ 
amine  shortly. 

Conclusion:  Answer  the  question. 


Left  (Exp.  115),  plants  give  off  oxy¬ 
gen.  Right  (Exp.  116),  leaves  give  off 
water  vapor 


Chapter  Forty-four 

How  Stems  Serve  the  Plant 


A  stem’s  work.  Green  leaves 
make  the  food  supply  for  the  world 
and  stems  make  the  wood  supply. 
Primarily  wood  serves  the  plant.  It 
is  evident  that  it  holds  the  stem  erect 
so  that  the  leaves  are  up  in  the  sun¬ 
light.  It  has  another  function  (use  to 
the  plant)  that  you  may  see  by  stand¬ 
ing  some  twigs  overnight  in  red  ink. 
By  cutting  slices  across  the  stem  next 
day,  you  can  see  that  the  red  ink  has 
passed  up  the  stem  through  the  wood. 
Wood  carries  up  sap.  If  you  examine 
the  cut  end  of  an  oak  branch,  you 


Cross  section  of  a  linden  twig  mag¬ 
nified  60  times.  This  twig  is  two  years 
old 


will  see  small  holes  like  pinholes  in 
the  wood.  These  are  the  cut  ends  of 
fine  tubes  called  ducts  or  vessels.  The 
vessels  are  the  chief  upward  chan¬ 
nel  through  which  the  sap  flows.  The 
downward  flow  is  through  tubes 
(sieve  tubes)  in  a  part  of  the  inner 
bark  (the  phloem  or  hast). 

Woody  stems.  When  you  cut  a 
maple  or  an  apple  stem  crosswise  you 
may  see  that  there  are  three  regions 
similar  to  those  found  in  roots. 
They  are  the  hark ,  the  wood ,  and 
the  pith.  When  you  peel  the  bark 
from  the  stem,  you  will  find  also  a 
slippery  layer  between  the  bark  and 
the  wood,  which  is  known  as  the  cam¬ 
bium.  The  cambium  has  a  most  re¬ 
markable  function.  It  builds  the  outer 
layer  of  the  wood  and  the  inner  layer 
of  the  bark.  The  work  of  the  cambium 
is  thus  to  provide  for  the  growth  of 
the  plant.  The  pith  acts  as  a  storage 
place  for  food.  If  you  look  carefully 


Cross  section  of  an  oak  twig.  What  is 
the  age  of  the  twig? 
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at  the  cut  end  of  an  oak  twig,  you  will 
see  radiating  lines  through  wood  and 
inner  part  of  inner  bark  (the 
phloem).  These  radiating  lines  are 
called  pith  rays.  Their  use  is  to  trans¬ 
fer  food  crosswise  in  the  stem.  A 
closer  inspection  of  the  bark  reveals 
a  corky  outer  layer  which  serves  to 
protect  the  delicate  tissues  from  dry¬ 
ing  out.  Heavy  layers  of  outer  bark 
in  old  trees  serve  as  armor  to  protect 
the  trees  from  animals  and  passing 
wagons. 

Telling  a  tree’s  age  and  his¬ 
tory.  From  a  stump  foresters  can 
tell  the  age  of  a  tree.  They  can  learn 
in  what  year  there  was  a  severe 
drought  and  when  a  fire  swept 
through  the  forest.  On  the  cut  end 
of  a  tree  trunk  you  will  see  rings  that 
grow  around  the  center  of  the  tree.  By 
these  rings  you  can  tell  the  age  of  a 
tree.  Let  us  understand  how.  The 
cambium  lying  at  the  outer  edge  of 
the  wood  grows  more  rapidly  in 
spring  than  later  in  summer.  The 
cells  of  the  cambium  make  new  cells 


This  cross  section 
of  a  piece  of  spruce 
wood  shows  the 
spring  and  summer 
wood.  Note  the  dif¬ 
ference  in  the  size 
of  the  cells  of  the 
summer  wood  and 
those  of  the  spring 
wood 


by  division  somewhat  as  the  one- 
celled  paramecium  divides.  In  the 
spring  these  cells  are  well  supplied 
with  nourishment  and  they  grow 
large.  The  growth  of  cells  formed 
later  in  the  season  is  slower,  and  they 
are  smaller  in  size.  Every  year, 
therefore,  the  wood  is  made  up  of 
large  cells  formed  in  spring  and 
smaller  cells  formed  later  in  the  sum¬ 
mer.  It  is  easy  to  pick  out  the  spring 
wood  and  the  summer  wood.  In  this 
way  rings  of  wood  arise.  Each  ring 
represents  a  year’s  growth.  By  count¬ 
ing  the  annual  (yearly)  rings  you 
can  tell  how  long  the  tree  has  been 
growing.  A  wide  ring  indicates  a 
good  growing  year;  a  narrow  ring 

The  diagram  shows  the  passageways 
through  the  plant  for  water  carrying 
soil  minerals  and  sap  carrying  food 

CARBON 
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Cross  section  of  a  corn 
stalk  magnified  7  times. 
The  small  specks  are 
fibrovascular  bun¬ 
dles.  The  drawing 
at  the  left  shows 
the  position  of  the 
wood  bundles  and 
the  rind,  or  outside 
layer  of  the  stem 

shows  a  season  of  poor  growth,  prob¬ 
ably  due  to  drought.  By  examining 
the  rings  of  the  big  trees  of  Califor¬ 
nia,  scientists  have  obtained  a  record 
of  the  weather  for  hundreds  of  years 
back  into  the  past. 

After  living  several  years,  the 
cells  of  wood  die.  These  dead  cells 
become  darker.  They  form  the  heart- 
wood  of  the  tree.  They  then  serve  the 
tree  only  by  giving  support.  The  sap 
is  carried  only  by  the  outer  few  rings 
of  wood,  which  is  called  the  sapwood. 
In  old  trees  most  of  the  wood  is  heart- 
wood.  In  some  trees  the  dead  center 
wood  readily  rots  away,  but  as  long 
as  the  sapwood  is  alive,  the  tree  may 
live  on. 

A  cornstalk.  Let  us  examine  a 
cross  section  of  a  cornstalk.  The  first 


thing  we  observe  is  the  outside  layer, 
which  is  called  the  rind.  The  rind  acts 
as  a  protection  to  the  inner  parts  of 
the  stem  and  gives  strength.  Inside 
the  rind  we  find  pith  with  little  specks 
scattered  through  it  (note  the  pic¬ 
ture).  These  small  specks  which  you 
see  in  the  cross  section  of  the  corn¬ 
stalk  are  the  wood  bundles.  Like 
wood  in  tree  trunks,  they  contain 
ducts  or  vessels  and  are,  therefore, 
called  vascular  bundles  (bundles  of 
vessels).  Every  little  bundle  has  its 
own  vessels  and  cambium.  When  the 
cornstalk  reaches  a  certain  size,  the 
cambium  stops  work  and  growth 
ceases.  The  energies  of  the  plant  are 
then  put  forth  to  hold  the  leaves  up 
to  the  light  and  to  mature  the  seeds 
and  fruit. 

The  vessels  of  the  plant  make  a 
continuous  channel  for  the  sap  from 
the  roots  to  the  leaves  and  flowers. 
The  wood  in  the  central  cylinder  of 
the  root  continues  into  the  stem  which 
in  turn  sends  branches  off  to  the 
leaves  where  we  see  them  as  veins. 
Branches  also  go  into  the  flowers  and 
fruits. 


Contrast  the  position  of  the  fibrovas¬ 
cular  bundles  in  this  cross  section  of 
a  sunflower  stem  with  those  in  the 
section  of  the  corn  stem  shown  on 
this  page 
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A  winter  twig.  Let  us  examine  a 
horse-chestnut  twig  in  the  winter  or 
in  the  early  spring  before  the  buds 
have  opened.  Look  carefully  for  the 
markings.  First  you  will  find  little  tri¬ 
angular  scars  opposite  each  other  on 

the  stem.  These  are  the  scars  where 
leaves  of  the  preceding  summer  have 
broken  off.  They  are  leaf  scars.  If 
you  look  carefully  at  these  scars, 
you  will  find  little  dots  on  each  one. 
These  little  dots  are  the  ends  of  the 
vascular  bundles  which  carried 
liquid  while  the  leaf  was  attached, 
but  the  ends  of  which  were  sealed 
when  the  leaf  fell.  Just  above  the  leaf 
scar  in  each  case  you  will  find  a  tiny 
projection.  This  is  a  little  bud  which 
will  produce  a  branch  when  the  tree 
resumes  growth.  If  you  find  one  pair 
of  leaf  scars  on  the  east  and  the  west 
sides  of  a  stem,  the  pair  immediately 
next  above  or  below  will  be  on  the 
north  and  the  south  sides. 

On  the  end  of  the  stem  you  will 
find  some  larger  buds  with  heavy, 
overlapping  scales.  These  bud  scales 
are  often  covered  with  a  sticky  sub¬ 
stance  which  prevents  loss  of  water 
and  discourages  any  bugs  that  might 
try  to  enter  the  bud.  Most  twigs  have 
buds  on  the  end  (terminal  buds)  and 
on  the  sides  (lateral  buds).  The  end 
(terminal)  bud  on  the  horse-chest¬ 
nut  twigs  grows  out  in  the  spring  to 
become  a  bunch  of  flowers.  The  side 
(lateral)  buds  below  the  terminal 
flower  bud  produce  branches.  Be¬ 
tween  two  twigs  you  will  find  a  scar 
marking  where  a  flower  bud  grew  at 
some  previous  time. 


Hugh  Spencer 


A  horse-chestnut  twig  in  winter  show¬ 
ing  the  leaf  scars  and  terminal  bud 


When  the  terminal  bud  opens  in 
the  spring,  the  heavy  scales  drop  off, 
thus  forming  a  ring  scar  about  the 
stem  which  shows  where  the  bud 
scales  were  previously  fastened.  The 
distance  which  the  stem  grows  in  one 
year  is  the  distance  between  the  bud- 
scale  scars.  Scattered  on  the  bark  are 
little  brown  spots.  They  are  really 
little  openings  ( lenticels )  which  ad¬ 
mit  air  and  also  permit  the  escape 
of  water  vapor. 

The  grain  of  wood.  Examine  the 
cut  end  of  an  oak  twig,  branch,  or 
stump.  Compare  with  the  picture  on 
page  324.  You  can  readily  see  the 
lines  radiating  out  like  spokes  of  a 
wheel.  They  are  the  medullary  or 
pith  rays.  You  can  see  the  rings  of 
tiny  holes  that  are  the  vessels  or  ducts 
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in  the  spring  wood.  You  can  see  the 
denser  wood  of  late  summer.  If  you 
next  cut  a  slice  from  the  side  of  the 
twig,  or  better  from  a  branch  as  thick 
as  your  wrist/you  can  see  the  grain. 
[This  cut  face  is  called  the  tangen¬ 
tial  section.~\  Trace  a  medullary  ray 
over  the  edge  from  the  cross  section, 
and  you  will  see  it  as  a  thin,  short 
line.  A  medullary  ray  is  a  sheet  of 
tissue.  On  the  sliced  face  you  will 
see  the  vessels  again  as  holes  ar¬ 
ranged  in  a  pattern,  and  the  denser 
summer  wood  between  the  lines  of 
vessels.  Cut  a  twig  or  branch  length¬ 
wise  through  the  center.  You  may 
see  the  medullary  rays  as  patches, 
for  they  are  not  exactly  straight  as 
wheel  spokes  and  so  can  not  easily 
be  cut  along  their  entire  length.  On 
this  face  (the  radial  section)  you 
will  see  the  vessels  as  fine  grooves  or 
as  oval  holes  where  they  have  been 
sliced.  You  can  easily  see  the  lines 
of  the  grain  due  to  spring  wood  and 
the  denser  summer  wood. 

Now  that  you  have  identified  the 
structures  that  make  up  the  grain, 
study  the  grain  in  a  board  or  the  top 
of  your  desk.  Select  the  spring  wood, 
summer  wood,  and  medullary  rays. 

Pine,  spruce,  and  the  wood  of 
other  cone-bearing  trees,  have  no 
vessels  and  the  rays  are  so  fine  as  to 
require  a  microscope  or  lens  to  be 
visible.  The  grain  that  you  see  in 

these  woods  is  due  to  the  alternating 
spring  and  summer  wood. 


Experiment  117 

Question:  Through  what  part  of  the 
stem  does  sap  rise? 

Materials:  Willow  twigs;  stalks  of 
celery  or  young  corn  or  any  clear  weed 
stem;  red  ink;  a  quart  jar. 

Directions:  Put  an  inch  of  water  col¬ 
ored  with  red  ink  into  the  jar.  Stand 
the  stems  in  it.  Examine  in  a  half  hour 
and  again  next  day.  Cut  slices  across 
the  twigs. 

Results:  Where  in  the  stem  has  the  red 
ink  risen? 

Conclusion:  Answer  the  question. 

Experiment  118  (Optional) 

Question:  Through  what  part  of  the 
stem  does  sap  descend? 

Materials:  A  willow  twig;  a  quart  jar 
with  an  inch  of  water;  a  knife. 

Directions:  Cut  two  rings  around  the 
twig  about  half  an  inch  apart;  remove 
the  bark  but  not  the  wood  between  the 
rings,  stand  twig  with  the  lower  end  in 
the  jar  of  water,  keeping  the  portion 
with  the  bark  removed  just  above  the 
water. 

Results:  In  a  few  days  you  will  notice 
the  bark  at  the  edge  of  the  bare  ring  be¬ 
ginning  to  swell  and  then  roots  begin¬ 
ning  to  jut  out.  At  which  edge  of  the 
bare  ring  do  the  roots  develop? 

Conclusion:  Through  what  part  of 
the  twig  does  the  sap  come  to  supply 
the  growth  of  the  new  roots? 

Practical  applications:  When  a  ring 
of  bark  is  removed  from  around  a  tree, 
even  if  the  wood  is  left  uninjured,  the 
tree  eventually  dies.  Why? 

A  wire  wrapped  tightly  around  a  tree 
eventually  kills  it,  but  a  bolt  driven 
straight  through  does  not.  Why  is  this 
true? 


Chapter  Forty -five 

How  the  Races  of  Plants  Go  On 


What  good  are  flowers?  When 
we  walk  in  a  flower  garden,  we  are 
impressed  by  the  fragrance,  the 
color,  and  the  shape  of  the  flowers. 
We  are  likely  to  regard  them  only  as 
growing  for  our  enjoyment,  and  the 
bees  buzzing  among  them  as  inter¬ 
lopers  that  have  discovered  by  chance 
that  flower  nectar  will  afford  a  store 
of  fine  honey  for  the  winter. 

The  flowers,  however,  perform  a 
service  for  the  plant,  and  the  bees 
have  their  part  in  helping  them  per¬ 
form  it.  If  we  watch  a  flower  from  the 
time  it  bursts  from  the  bud  until  it 

withers  and  dies  we  shall  find  that  its 
main  business  is  to  develop  and  ripen 
into  a  fruit  which  contains  seeds. 
These  seeds,  under  favorable  condi¬ 
tions,  will  produce  new  plants  that 
are  like  the  parent  plant. 

Parts  of  a  flower.  Upon  exam¬ 
ining  a  blossom  of  one  of  our  com¬ 
mon  flowering  plants  (see  picture 
on  page  331),  we  usually  find 
a  set  of  small  leaflike  parts  at  its  base 
on  the  stem  {peduncle) .  These  were 
folded  around  the  complete  flower 
when  it  was  in  the  bud.  They  are  the 
sepals.  Just  above  the  sepals  are  the 
larger,  beautifully  colored  flower 
leaves  which  expand  as  the  flower 
opens.  They  are  the  petals.  The  pro¬ 
fusion  of  color  in  our  gardens  is 
chiefly  due  to  brightly  colored  petals. 
Inside  the  petals  is  a  circle  of 


slender,  stemlike  organs,  the  sta¬ 
mens,  which  usually  surround  a 
single  organ,  the  pistil.  The  organs 
of  the  flower  which  are  necessary  for 
its  work  are  the  stamens  and  the  pis¬ 
til.  For  this  reason  they  are  often  re¬ 
ferred  to  as  the  essential  organs  of 
the  flower.  The  flowers  of  a  few  kinds 
of  plants  consist  only  of  essential 
organs. 

A  stamen  is  composed  of  two 
parts.  Its  stem  is  the  filament .  On  the 


The  drawing  shows 
the  parts  of  the  es¬ 
sential  organs  of  a 
flower,  the  stamen 
(left) ,  and  the  pistil 
(right).  The  cherry 
blossom  below  is  cut 
to  show  these  struc¬ 
tures.  Which  is  the 
pistil? 

Hugh  Spencer 
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end  of  the  filament  is  a  pouchlike  or 
purselike  form,  the  anther.  When  it 
is  ripe  or  fully  developed,  the  anther 
hursts  open  and  releases  myriads  of 
tiny  grains  of  a  dustlike  substance 
called  pollen. 

The  pistil  usually  has  three  parts, 
called  stigma ,  style ,  and  ovary.  The 
stigma  is  the  outer  end  of  the  pistil ; 


it  is  often  featherlike  or  sticky,  so 
as  to  be  adapted  for  catching  and 
holding  the  dusty  pollen  grains.  The 
style  is  the  slender  stalk  which  sup¬ 
ports  the  stigma.  The  ovary  is  the  en¬ 
larged  lower  part  or  base;  it  contains 
minute,  egglike  objects,  called  ovules 
(little  eggs). 

Fertilization.  By  ways  we  shall 
study  presently,  pollen  reaches  the 
stigma,  and  the  flower  is  then  said  to 
be  pollinated.  When  the  pollen  grains 
fall  upon  the  stigma,  they  are  held 
fast  by  the  moist  surface.  Then  from 
each  little  pollen  grain  a  long  pro¬ 
jection  grows  downward  through  the 
style.  This  projection  is  called  the 
pollen  tube.  It  continues  to  grow  until 
it  reaches  and  enters  an  ovule.  Inside 
the  ovule  is  an  egg  cell .  When  the 
pollen  tube  enters  the  ovule  a  special 


Corn  flowers,  (1)  staminate,  (2)  en¬ 
larged  staminate,  and  (3)  pistillate. 
Each  silk  is  a  style  in  the  pistillate 
flower.  Pistillate  flowers  form  the  ear 

of  Corn  (i)  (2)  United  States  Department  of 
Agriculture,  (3)  Hugh  Spencer 
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This  diagram  illustrates  the  various  parts  of  a  flower 


CALYX 


cell,  called  the  sperm  cell ,  leaves  the 
pollen  tube  and  unites  with  the  egg 
cell,  their  protoplasms  intermingling 
and  fusing.  This  union  of  sperm  and 
egg  cells  is  called  fertilization . 

Growth  after  fertilization.  The 
fertilized  egg  cell  promptly  divides 
to  form  two  daughter  cells.  Each 
daughter  cell  grows  and  divides 
again.  This  process  is  repeated  until 
a  young  plant  or  embryo  is  formed. 
At  the  same  time,  food  is  stored  in¬ 
side  the  embryo  or  packed  around  it. 
The  coats  of  the  ovule  enlarge  and 
become  tough  and  often  very  hard. 
Such  a  developed  ovule,  containing 
a  young  plant  and  food  for  its  future 
growth  inclosed  in  a  protective  coat, 
is  a  seed. 


The  pollen  tube  (left)  grows  down 
the  style  and  into  the  ovule 


Fertilization  also  stimulates  the 
ovary  to  renewed  growth.  It  may  in¬ 
crease  greatly  in  size.  The  pea  pod 
and  the  watermelon  are  two  such  en¬ 
larged  ovaries.  The  enlarged  and 
fully  develop  ‘d  ovaries  are  called 
fruits . 

Self-fertilization  and  cross- 
fertilization.  Tu  many  plants  a 
sperm  cell  from  th  e  v r?  1 1  en  grain  of  a 
flower  unites  widj  mi  egg  cell  in  an 
ovule  of  the  same  .lower.  For  some 
reason,  nature  often  provides  against 
this  self-fertilization  and  arranges  a 
plan  whereby  the  pollen  grains  of 
one  plant  find  lodgment  on  the  stigma 
of  another  plant  of  its  own  kind.  This 
process,  called  cross-pollination,  re¬ 
sults  in  cross-fertilization.  Cross-pol¬ 
lination  is  assured  in  one  of  several 
different  ways.  For  instance,  some¬ 
times  the  stigma  has  not  matured 
enough  to  receive  the  pollen  dust 
when  the  anthers  on  the  same  flower 
ripen  to  give  it  off,  or  the  stigma  of  a 
flower  may  ripen  before  the  pollen 
is  shed.  Often  we  find  that  the  sta¬ 
mens  and  pistils  are  of  different 
lengths  so  that  the  anthers  cannot 


332 


LIVING  THINGS 


Flowers  of  the  prim¬ 
rose.  Note  the  posi¬ 
tion  of  the  stamens 
and  pistil.  How  is  the 
chance  of  self-pol¬ 
lination  reduced? 


A  pistillate  (left) 
and  a  staminate 
(right)  flower  of 
the  pussy  willow 
are  on  different 
trees 


rub  against  the  stigma  (as  is  shown 
in  the  diagram  of  the  primrose). 
Frequently  we  find  that  one  plant 
produces  flowers  which  have  stamens 
only  ( staminate  flowers),  while  an¬ 
other  plant  of  the  same  kind  pro¬ 
duces  flowers  having  pistils  only 
( pistillate  flowers). 

How  pollen  travels.  Certainly, 
since  nature  has  set  up  this  compli¬ 
cated  means  of  reproduction,  there 
must  be  some  means  of  transporta¬ 
tion  of  pollen.  One  means  is  the  wind 
which  picks  up  the  pollen  grains  from 
the  ripe  anthers  and  bears  them  along 
to  a  ripened  stigma.  Wind-pollinated 
flowers  are  usually  small  and  incon¬ 
spicuous,  without  showy  petals.  If 
you  look  at  them  closely,  you  will 
often  see  anthers  dangling  where  the 
pollen  will  be  shaken  out  and  carried 
away  by  the  wind.  The  stigmas,  too, 
are  often  dangling  out  like  tiny 


Bees  busily  visiting  flower  after 
flower  are  the  best  known  carriers  of 
pollen.  The  bright  color,  the  odor, 
the  nectar  for  the  manufacture  of 
honey,  and  the  pollen  itself  for  “bee 
bread,”  are  the  attractions  that  keep 
the  bees  at  work  in  the  flowers.  The 
bee,  entering  a  flower,  brushes 
against  the  anthers  and  is  daubed 
with  pollen.  It  rubs  some  of  this  pol¬ 
len  unintentionally  on  the  stigma  of 
the  next  flower  it  visits.  Moths,  but- 

Seedling  of  corn.  Corn 
has  one  cotyledon 
only.  Seeds  need  heat, 
water,  and  air  to  de¬ 
velop  into  plants.  Sun¬ 
light  is  not  necessary 
for  the  growth  of  the 
seedling,  until  all  the 
food  stored  in  seed 
has  been  used 


A,  Fruit  and  seed  of  the  pea,  B,  bean  seedling,  and  C,  grain  of  com 
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terflies,  flies,  and  humming  birds  also 
carry  pollen. 

The  pea  seed.  The  fruit  of  the 
pea  plant  is  a  pod  which  contains  sev¬ 
eral  seeds.  Each  seed  is  fastened  to 
the  pod  by  a  special  stem.  (Fig.  A). 
The  scar  on  the  seed  where  it  was 
attached  is  called  the  hilum.  Just  out¬ 
side  the  hilum  is  a  tiny  hole  about  the 
size  of  a  fine  needle  point.  Through 
this  opening  the  pollen  tube  usually 
enters  the  ovule.  This  little  hole  is 
the  micro pyle  (Fig.  A). 

Inside  the  seed  coat  (testa)  is  the 
young  plant,  or  embryo.  Most  of  the 
seed  consists  of  the  two  sections  of 
the  embryo.  These  two  thick,  oval  ob¬ 
jects  are  the  first  leaves  of  the  young 
plant.  They  are  called  seed  leaves 
(cotyledons).  The  seed  leaves  con¬ 
tain  food  stored  up  for  the  embryo 
to  use  when  it  begins  to  grow.  They 
are  attached  to  a  tiny  sproutlike  stalk 
(called  the  hypocotyl) .  The  root 
grows  down  from  the  lower  end  of 
this  stalk.  Inclosed  between  the  two 
cotyledons  is  a  little  leaflike  object 
which  is  attached  to  the  stem  and  to 
the  seed  leaves.  This  is  the  stem  bud 
(plumule) .  When  the  embryo  begins 
to  grow,  the  seed  leaves  give  up  their 
nourishment  and  wither  away,  and 
the  plumule  grows  up  to  become  the 
stem  and  leaves  of  the  plant  (Fig.  B) . 

The  grain  of  corn.  The  food  for 
the  young  plant  is  not  always  part  of 
the  embryo.  For  example,  the  corn 
embryo  lies  at  one  side  of  the  food. 
The  food  for  the  corn  embryo  is  in 
the  starchy  white  or  hard,  yellow  sub¬ 
stance.  A  drop  of  iodine  will  stain 


the  starchy  part  black.  Food  stored 
outside  the  embryo  of  a  seed  is  called 
endosperm.  The  corn  has  only  one 
seed  leaf  (cotyledon).  It  lies  like  a 
white  shield  against  the  endosperm. 
The  hypocotyl  is  a  little  point  jutting 
down  toward  the  scar  where  the  grain 
was  attached.  The  plumule  is  a  point 
jutting  in  the  opposite  direction 
(Fig.  C).  [Plants  such  as  corn,  hav¬ 
ing  one  cotyledon,  belong  to  the 
group  called  monocotyledons;  those 
with  two,  such  as  the  bean,  are  dico¬ 
tyledons;  while  the  pines,  with  many 
cotyledons,  are  poly  cotyledons.] 
Starting  plants  without  seeds. 
If  you  break  a  switch  from  a  willow 
tree  and  stick  it  into  the  ground,  it 


Whip  grafting.  A,  Scion  and  stock 
prepared.  B,  Fitted  together.  C, 
Wrapped  with  twine 


LIVING  THINGS 


334 


Bud  grafting.  A,  Bud  scion.  B,  T-shaped  cut  in  bark  of  stock.  C,  Bark  raised 
to  admit  bud.  D,  Bud  in  place.  E,  Bud  wrapped  with  raffia.  At  right,  cleft 
grafting 


will  often  grow  to  be  a  tree.  In  grow¬ 
ing  sugar  cane,  sections  of  the  stem 
are  planted.  In  raising  potatoes  a 
portion  of  the  potato  bearing  an 
“eye,”  or  bud,  is  planted.  The  bud 
grows  out  to  form  a  new  plant.  Grape¬ 
vines,  roses,  and  many  of  our  flower¬ 
ing  plants  similarly  grow  from  cut¬ 
tings  or  slips.  Fine  fruit  trees  are  car¬ 
ried  on  by  cutting  twigs  or  buds  from 
the  desired  variety  and  grafting  them 
into  twigs  or  branches  of  another 
tree.  Fruit  trees  grown  from  seeds 
may  produce  worthless  fruit.  Repro¬ 
duction  by  parts  of  the  plant  other 
than  seed  is  called  vegetative  or 
asexual  (without  sex)  reproduction. 

Experiment  119  (Demonstration) 

Pollen  tubes  may  be  grown  by  plac¬ 
ing  pollen  in  a  solution  of  sugar  (3  to 
10  per  cent) .  Try  several  kinds  of  pol¬ 
len  and  several  dilutions  of  sugar.  Put 
the  sugar  solution  in  a  concave  micro¬ 
scope  slide  or  in  a  watch  glass.  Touch 
a  camel’s-hair  brush  or  the  tip  of  a  pen¬ 
cil  to  an  anther  that  is  shedding  pollen 
and  then  to  the  sugar  solution.  Examine 


under  the  microscope  in  one  hour,  two 
hours,  and  next  day. 

Experiment  120 

Question:  How  do  seedlings  (young 
plants)  develop  from  the  embryo? 

Materials:  Sawdust;  a  flat  pan;  peas; 
beans. 

Directions:  ( a )  Place  about  two 
inches  of  sawdust  in  a  pan.  Place  25  or 
30  peas  and  beans  just  below  the  sur¬ 
face  of  the  sawdust  and  about  equal  dis¬ 
tances  apart.  Add  enough  water  to  mois¬ 
ten  the  whole  mass.  Set  it  in  a  warm, 
sunny  place  and  keep  the  sawdust  moist. 

(6)  After  a  few  days  you  will  notice 
that  the  seeds  are  beginning  to  sprout. 
What  happens  to  the  covering  of  the 
seeds?  Make  a  diagram  of  one  of  the 
seeds  when  the  sprouts  are  about  a 
quarter  of  an  inch  long. 

(c)  As  the  sprouting  goes  on,  take 
out  one  or  two  of  the  sprouted  seeds 
(seedlings)  each  day.  You  will  soon 
find  that  a  part  of  the  sprout  grows 
downward  and  another  part  grows  up¬ 
ward.  Make  other  diagrams  when  this 
begins  to  happen. 

( d )  As  the  seedlings  continue  to 
grow,  you  will  find  that  it  is  harder  to 


( 1 )  ( 3 )  Hugh  Spencer,  ( 2 )  Ewing  Galloway,  N.Y.,  (5)  Black  Star,  (6)  J.  C.  Allen  and  Son 


Fruits  of  plants.  Why  are  maple  “wings,”  pea  pods,  and  dandelion  “heads” 
called  fruits? 


pull  them  out  of  the  sawdust  and  that 
more  sawdust  clings  to  them.  What  is 
forming  at  the  lower  end  of  the  sprout? 

(e)  A  sprout  appears  above  the  sur¬ 
face  and  turns  green.  Which  part  of  the 
plant  is  this? 

(/)  As  the  upper  part  of  the  seedling 
comes  out  of  the  sawdust,  we  notice  that 
the  thick  parts  of  the  bean  seed  are 
lifted  out  into  the  air.  Watch  these  parts 
a  few  days  and  explain  which  part  of 
the  seed  becomes  the  first  leaves.  Hunt 
for  similar  parts  of  pea. 

Diagrams :  Show  by  a  series  of  dia¬ 
grams  all  stages  of  germination  from 
the  time  you  plant  the  seeds  until  the 
roots,  stems,  and  leaves  are  developed. 

Conclusion:  Answer  the  question. 


Practical  application:  The  seed  has 
everything  in  it  needed  for  producing 
a  young  plant.  There  is  no  plant  food  in 
sawdust;  therefore,  everything  which 
made  the  plant  must  have  been  in  the 
seed. 

Man  has  learned  to  appropriate  to 
his  own  uses  the  food  that  nature  has 
stored  up  in  seeds  for  the  use  of  the 
young  plants.  By  long  selection  he  has 
developed  plants  which  produce  more 
seeds,  and  which  store  more  food  in 
each  seed,  than  the  plants  which  his  an¬ 
cestors  knew.  By  always  selecting  the 
best  of  the  crop  for  seed,  man  has  in¬ 
creased  both  the  quantity  and  the  qual¬ 
ity  of  the  food  contained  in  the  bean 
seed. 
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Experiment  121  (Home) 

Question:  What  are  the  moisture  and 
temperature  requirements  necessary  for 
sprouting  (germinating)  of  seeds? 

Materials:  Twine;  20  beans;  20  peas; 
4  pieces  of  muslin  4  inches  wide  and  15 
inches  long. 

Directions:  (a)  Prepare  4  small  rag- 
doll  testers  as  follows:  Lay  off  each  of 
the  4  pieces  of  muslin  in  rectangles,  2 
by  3  inches.  In  the  center  of  each  rec¬ 
tangle  place  a  row  of  beans  or  peas, 
with  5  beans  and  5  peas  in  each  “doll.” 
Roll  the  doll  together,  taking  care  to 
keep  the  seeds  in  position.  Wind  loosely 
with  a  piece  of  twine  and  tie  to  hold  it 
together. 

(6)  Number  the  doll  testers,  1,  2,  3, 
4.  Place  number  1  in  the  ice  box  and 
keep  it  dry;  saturate  (fill)  number  2 
with  water  and  place  it  in  the  ice  box. 
Number  3  is  to  be  kept  dry  in  a  warm 
(not  hot)  place  and  number  4  is  to  be 
kept  moist  in  a  warm  place. 

(c)  After  4  days  carefully  unroll 
your  testers  and  record  the  conditions 
in  the  table.  Roll  them  up  again.  Exam¬ 
ine  and  record  after  6  days  and  again 
after  8  days.  You  must  be  sure  to  re¬ 
turn  each  doll  to  its  original  place  so 
that  the  conditions  for  the  seeds  will  not 
change  through  the  experiment. 

Results : 


Diagrams:  1.  Show  a  rag-doll  tester 
with  seeds  on  it  at  the  beginning  of  the 
experiment.  2.  Show  number  4  at  the 
end  of  the  experiment. 

Conclusion:  Answer  the  question. 

Practical  application:  Inexperienced 
people  often  plant  their  garden  seeds 
too  early  in  the  spring.  If  the  ground  is 
wet  and  cold,  seeds  are  apt  to  rot  before 
they  get  enough  warmth  and  moisture 
to  sprout  them. 

Experiment  122 

Question:  Of  what  use  are  the  coty¬ 
ledons  to  a  seedling? 

Materials:  Some  bean  seedlings  ger¬ 
minating  in  damp  sawdust  that  have 
just  lifted  their  cotyledons  above  the 
surface;  a  pair  of  small  scissors. 

Directions:  (a)  Without  harming  or 
disturbing  the  rest  of  the  seedling,  cut 
off  both  cotyledons  of  half  of  the  seed¬ 
lings  with  the  scissors. 

( b )  After  three  days,  examine  the 
seedlings.  1.  Which  seedlings  are  still 
thriving?  2.  What  is  the  appearance  of 
the  seedlings  whose  cotyledons  were  re¬ 
moved? 

Diagrams:  1.  Seedlings  before  cotyle- 
doms  were  removed.  2.  Seedlings  after 
cotyledons  of  half  had  been  removed.  3. 
Both  types  of  seedling  three  days  or  a 
week  later. 

Conclusion:  Answer  the  question. 


TABLE 


Testers 

Conditions 

Number  of  Seeds 
Sprouted 

After 

4  Days 

After 

6  Days 

After 

8  Days 

No.  1 . 

Ice  box.  drv . 

No.  2 . 

Tee  box.  moist . 

No.  3 . 

Warm  nlace  drv.  .  .  . 

No.  4 . 

Warm  nlace.  moist. 

Chapter  Forty-six 


How  Animal  Life 
through  the  Ages 

What  is  an  egg?  When  you  are 
eating  an  egg,  do  you  ever  stop  to 
think  about  what  is  inside  the  egg? 
Although  eggs  are  important  food  for 
us,  primarily  they  are  food  and  pro¬ 
tection  for  the  young  chick.  The  limy 


Continues 


shell  protects  the  chick  from  insects 
and  other  small  animals.  The  color¬ 
ing  of  wild  birds’  eggs  often  protects 
them  from  the  prying  eyes  of  egg¬ 
eating  animals.  If  you  carefully  chip 
away  the  shell,  you  will  find  a  thin, 


Newly  hatched  chicks  (after  21  days  incubation)  and  their  previous  history 
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although  a  rather  tough,  membrane 
lining  the  shell.  This  membrane  pro¬ 
tects  the  contents  of  the  egg  from  bac¬ 
teria.  Through  this  thin  membrane 
oxygen  passes  in  to  the  chick  and 
carbon  dioxide  passes  out,  for  the 
chick  must  breathe,  although  it  does 
not  breathe  with  lungs  as  later  in  life. 

If  you  carefully  open  an  egg  and 
pour  the  contents  into  a  flat  dish,  you 
will  see  the  almost  colorless  ‘‘'white” 
of  the  egg  and  the  yellow  yolk.  They 
are  the  food  for  the  young  chick.  On 
one  side  of  the  yolk  you  will  see  a 
small  white  spot.  This  is  called  the 
germinal  spot  or  disk.  From  it  the 
young  chick  develops.  Gather  some 
frogs’  eggs  from  a  pool  in  the  spring¬ 
time  and  watch  them  develop  into 
tadpoles.  Then  if  you  take  care  of  the 
tadpoles,  you  can  watch  them  de¬ 
velop  into  frogs. 

How  animals  reproduce  their 
kind.  In  the  very  simplest  animals 
that  we  know — animals  of  only  one 
cell  each — the  one  cell  divides  into 
two.  Each  new  cell  is  a  separate  ani¬ 
mal.  We  cannot  say  which  is  parent 
cell  and  which  is  offspring.  Simple 
plants  of  only  one  cell  divide  in  the 
same  manner. 

If  we  trace  back  the  life  history  of 
animals,  such  as  frogs  and  chicks,  we 
find  that  each  animal  starts  as  one 
cell,  the  fertilized  egg.  The  fertilized 
egg  originates  by  the  union  of  two 
simple  cells.  One  of  these  cells  is  the 
sperm  cell  and  one  the  egg  cell 

(ovum).  You  will  recall  that  we 
found  exactly  the  same  condition  in 
flowers,  a  sperm  cell  uniting  with  an 


egg  cell.  This  union  is  called  fertili¬ 
zation  in  both  plants  and  animals. 

Among  many  of  the  lowly  animals 
of  the  sea,  such  as  starfish  and  oy¬ 
sters,  the  females  release  their  eggs 
in  the  water  and  the  eggs  float  away. 
Sperm  cells  are  similarly  set  free  by 
the  males  to  drift  away.  Whether  a 
sperm  meets  an  egg  and  fertilizes  it 
is  largely  a  matter  of  chance.  If  the 
two  cells  do  not  meet,  they  soon  both 
die.  Where  so  much  is  left  to  chance 
the  number  of  eggs  is  large.  The  oy¬ 
ster  lays  60,000,000  eggs  a  year  and 
the  starfish  lays  200,000,000.  The 
number  of  sperms  is  enormously 
larger. 

Most  fishes  lay  their  eggs  in  a  sim¬ 
ilar  manner.  The  number  of  eggs  is 
very  large.  When  you  see  on  your 
table  the  roe  of  a  shad  which  is  made 
up  of  unlaid  eggs,  examine  it  and 
try  to  guess  the  number  of  eggs. 

In  some  fishes  the  sperm  cells  are 
transferred  to  the  body  of  the  female 
and  eggs  are  fertilized  in  her  body. 
The  young  fish  grow  inside  the  body 
of  the  mother  until  they  are  well 
formed.  Then  they  are  born  “alive.” 
Fishes  of  this  type  are  called  “live 
bearers”  (viviparous).  They  have 
fewer  eggs  than  those  that  lay  their 
eggs  in  the  water. 

Among  birds  and  reptiles  the  eggs 
are  fertilized  inside  the  body  of  the 
female  and  then  the  eggs  are  laid.  In 
the  higher  animals  (mammals)  the 
eggs  are  similarly  fertilized  inside 
the  body,  and  the  young  animal  lives 
and  grows  inside  the  mother’s  body 
until  it  is  bom. 


Care  of  the  young.  The  young 
of  most  of  the  lower  animals  take 
care  of  themselves.  Those  that  cannot 
do  so  may  become  food  for  other 

creatures.  Life  or  death  is  often  a 
matter  of  mere  chance.  Since  the 
chance  of  living  is  small,  the  number 
of  young  is  very  large.  It  is  not  sur¬ 
prising  that  the  sea  water  is  swarm¬ 
ing  during  hatching  season  with  the 
young  of  starfishes,  lobsters,  clams, 
and  other  animals.  Most  of  them  be¬ 
come  food  for  other  creatures. 

Some  fishes  guard  their  eggs  and 
young,  but  most  fishes  leave  them  to 
care  for  themselves.  When  a  little 
fish  hatches  from  the  egg,  it  has  at¬ 
tached  to  its  body  a  yolk  sac  filled 
with  food  for  its  immediate  use.  The 
eggs  of  reptiles  and  birds  contain  a 
great  deal  of  food.  Both  may  be  used 
as  food  by  man  and  other  creatures. 
Reptiles  conceal  their  eggs  and  leave 
them  to  hatch.  The  young  reptiles 
generally  must  shift  for  themselves. 
Birds  sit  upon  their  eggs  ( incubate 
them),  keeping  them  warm  during 
development  of  the  embryo  to  the 
stage  of  hatching.  If  the  embryo  is 
chilled,  it  may  die.  After  hatching 
her  eggs,  an  old  hen’s  sole  object  in 
life  for  a  time  is  the  care  of  her 
brood.  She  defends  them  from  at¬ 
tack,  coaxes  them  to  food,  cuddles 
them  at  night.  Have  you  ever  seen  the 
fury  of  a  mother  robin  as  she  drives 
off  a  marauding  squirrel? 

A  young 
fish  with 
yolk  sac 


Hugh  Spencer 


The  bullfrog  and  his  life  history 

Among  higher  plants  (seed 
plants)  and  higher  animals  (mam¬ 
mals)  the  young  are  cared  for  until 
they  get  a  good  start  in  life.  Food  for 
the  young  plant  is  stored  inside  the 
seed.  This  stored  food  supplies  the 
growing  tissues  of  the  young  plant 
until  it  can  send  its  roots  down  into 
the  soil  and  spread  its  green  leaves  in 
the  sun.  In  higher  animals  (mam¬ 
mals)  the  young  are  provided  with 
nourishment  before  birth  by  the 
mother’s  blood,  and  after  birth  they 
are  fed  for  a  time  with  milk.  After 
the  stage  of  helplessness  or  infancy  is 
passed,  many  animals  remain  with 
their  parents  and  older  members  of 
their  group. 
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Chapter  Forty-seven 

How  New  Kinds  Arise 


Darwin’s  answer.  How  did  the 
great  number  of  different  kinds  of 
plants  and  animals  arise?  Many  men, 
scientists  and  others,  have  tried  to 
answer  this  question.  After  thirty 
years  of  study  of  the  problem, 
Charles  Darwin  (1809-1882),  the 
English  biologist,  announced  to  the 
world  his  answer  to  the  problem  in 
his  book  The  Origin  of  Species 
(1859). 

Darwin  pointed  out  that  plants  and 
animals  produce  great  numbers  of 
offspring.  If  all  the  kittens  grew  to 
maturity,  in  a  few  years  they  would 
eat  not  only  all  the  mice  and  rats, 
but  all  the  rabbits,  birds,  and  other 
small  creatures  on  earth.  A  codfish 
lays  9,000,000  eggs  in  a  year.  The 
descendants  of  a  single  pair  of  cod¬ 
fish  in  ten  years  would  fill  the  ocean 
basins  solid  with  codfish.  An  oyster 
produces  60,000,000  eggs  a  year. 
The  number  of  its  great-grandchil¬ 
dren  would  be  written  with  66  fol¬ 
lowed  by  33  ciphers.  Write  it  down 
and  see  what  it  looks  like.  They 
would  make  a  pile  of  oyster  shells 
seven  or  eight  times  the  size  of  the 
earth.  If  all  the  descendants  of  a 
single  pair  of  human  beings  lived  to 
maturity,  in  ten  centuries  there  would 
not  be  standing  room  for  them  on 
earth.  Some  must  die.  Of  all  that  are 
born,  which  live  and  which  die?  The 
young  are  not  all  alike.  They  may 


vary  considerably.  Those  individuals 
live  who  are  stronger  or  quicker  or 
more  cunning.  They  are  best  fitted  to 
survive.  From  the  great  numbers 
arises  a  struggle  for  existence ,  and 
the  struggle  results  in  the  survival  of 
the  fittest.  Thus  the  new  kinds  of 
plants  and  animals  in  nature,  said 
Darwin,  arise  by  natural  selection. 

Heredity  and  variation.  All  the 
children  in  a  family  are  not  exactly 
alike,  although  they  are  often  enough 
alike  to  be  recognized  as  belonging 
to  the  family.  All  the  kittens  in  a  lit¬ 
ter  are  much  alike,  but  usually  they 
can  be  told  apart.  When  the  new  gen¬ 
eration  grows  up,  it  resembles  the 
parents.  Indeed,  if  you  were  looking 
at  flies  or  frogs,  you  probably  could 
not  tell  the  parents  from  offspring  un¬ 
less  you  had  studied  them  very 
closely  through  life  as  the  biologist 
studies  them.  This  resemblance  of 
offspring  to  the  parents  is  due  to 
something  received  by  the  offspring 
through  the  reproductive  cells  of  the 
parents.  Such  resemblance  of  de¬ 
scendants  to  ancestors  is  heredity. 

Mendel’s  discovery.  About  the 
same  time  that  Darwin’s  Origin  of 
Species  startled  the  learned  world, 
Gregor  Mendel,  a  monk  who  had 
been  growing  peas  and  other  plants 
in  a  monastery  garden  in  what  was 
then  Austria,  announced  a  discovery 
of  certain  laws  of  heredity.  Since 
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For  speed,  a  racer  (1);  strength,  a  percheron  (2);  beef,  a  Shorthorn  (3); 
butter  fat,  a  Jersey  (4);  eggs,  a  Leghorn  (5);  meat,  a  Plymouth  Rock  (6) 

their  rediscovery  in  1900,  Mendel’s  greatest  value  in  producing  new 
laws  of  heredity  are  proving  of  the  varieties  of  plants  and  animals.  The 
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new  kinds  are  enabling  us  to  grow 
more  and  better  foods.  We  are  get¬ 
ting  new  plants  and  animals  for  new 
lands  in  the  cold  regions  and  in  the 
hot  regions,  new  varieties  to  resist 
diseases,  and  new  fruits  and  vege¬ 
tables  for  our  tables. 

Here  is  a  simple  statement  of  what 
Mendel  found.  If  a  pea  with  a  yellow 
seed  (called,  for  convenience,  a  “yel¬ 
low”  pea)  is  crossed  with  a  pea  with 
a  green  seed,  all  the  offspring,  or  sec¬ 
ond  generation,  have  yellow  seeds. 
Yellow  is  dominant  (dominus- mas¬ 
ter).  But  if  yellows  of  the  second 
generation  are  crossed  with  each 
other,  one  fourth  of  the  third  genera¬ 
tion  are  green  and  three  fourths  yel¬ 
low.  If  the  green  are  fertilized  with 
each  other,  the  descendants  are  all 
green.  A  character,  as  greenness,  is 
thus  passed  down  from  one  genera- 


The  color  of  peas  and  of  black  and 
white  guinea  pigs  both  follow  Men¬ 
del’s  law  of  inheritance 

tion  to  another,  although  a  contrast¬ 
ing  character  may  hide  it  for  a  gen¬ 
eration.  We  say  that  green  is  reces¬ 
sive . 

Now  let  us  see  the  yellows  of  the 
third  generation.  They  all  look  alike. 
One  third,  however,  are  “pure 
blood.”  If  they  are  crossed  with  each 
other,  they  produce  only  yellow  off¬ 
spring,  the  other  two  thirds  when 
crossed  with  each  other  produce  both 
yellow  offspring  and  green  offspring. 
These  two  thirds  are  “mixed  strains” 
or  hybrids. 

[Mendel’s  findings  are  sometimes 
stated  as  three  laws: 

1.  Law  of  Unit  Characters.  Cer¬ 
tain  characters  in  a  plant  or  an  ani¬ 
mal,  as  greenness  and  tallness,  are 
inherited  as  “units,”  each  independ¬ 
ently  of  others. 

2.  Law  of  Dominance.  Certain 
characters  are  dominant  over  others. 
Only  the  dominant  character  appears 
in  hybrids.  We  know  that  this  law 
does  not  govern  all  characters.  For 
example,  a  red  four-o’clock  crossed 
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with  a  white  four-o’clock  produces 
pink  hybrids.  But  the  law  always  op¬ 
erates  with  certain  characters  as  with 
yellow  and  green  peas. 

3.  Law  of  Segregation .  When  hy¬ 
brids  are  crossed  with  hybrid,  the 
dominant  character  and  the  recessive 
character  “segregate”  in  the  next 
generation.  They  will  be  pure-blood 
dominant  individuals  and  pure- 
blood  recessive  individuals.] 

Sports  or  mutations.  Breeders 
of  plants  and  animals  have  long 
known  that  suddenly  new  kinds  arise 
that  they  have  not  had  in  their  stock 
before.  Sometimes  these  new  kinds 
breed  true,  that  is,  their  descendants 
are  of  the  new  variety.  Thus  a  horn¬ 
less  cow  sometimes  appears  in 
horned  stock.  The  seedless  orange 
appeared  on  trees  of  a  seed  variety. 

A  stalk  of  Cuban  tobacco  in  Con¬ 
necticut  grew  14  feet  high  and  pro¬ 
duced  80  leaves.  This  new  variety 
bred  true  and  added  many  pounds  a 
year  to  the  crop. 

New  varieties  that  appear  without 
warning  and  breed  true  are  called 
sports  or  mutations.  The  Dutch  bot¬ 
anist  DeVries  (1848-1935)  studied 
mutations  in  the  evening  primrose, 
and  drew  the  attention  of  scientists 
and  breeders  to  their  importance  in 
producing  new  and  valuable  varieties 
of  plants  and  animals. 

Using  the  laws  of  heredity.  In 
our  plains  states  wheat  was  dying 
from  drought,  cold,  and  disease. 

Professor  Herbert  Roberts  at  the  Uni¬ 
versity  of  Kansas  crossed  varieties 
of  wheat  and  produced  the  famous 
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Kanred  wheat.  In  the  plains  of  west¬ 
ern  Canada  wheat  was  so  often  killed 
by  frosts  in  late  August  and  early 
September  that  farmers  were  pov¬ 
erty-stricken.  Charles  Saunders  at 
Ottawa  crossed  wheats  from  Europe 
and  India  and  produced  the  famous 
Marquis  wheat.  Wheat  may  now  be 
produced  in  the  far  northwest. 

Hybrid  wheats  have  been  bred  to 
survive  the  rust  disease  that  fre¬ 
quently  wiped  out  the  crop.  Another 
variety  of  wheat  has  been  bred  for 
the  lower  South  where  farmers  could 
not  grow  wheat.  Hybrid  varieties  of 
corn  increased  the  production  in  the 
United  States  by  529,000,000  bush¬ 
els  in  1943.  New-bred  varieties  of 
oats  grow  100  bushels  to  the  acre  in 
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How  feeble-mindedness  was  inherited  in  a  certain  family.  F,  Feeble-minded. 
A,  Alcoholic.  White,  normal.  Squares,  male.  Circles,  female 


the  humid  South  where  previously 
oats  would  not  grow.  Cotton  has  been 
bred  to  grow  so  early  in  the  season 
that  it  beats  the  boll  weevil  which 
threatened  to  wipe  out  our  entire  cot¬ 
ton  crop.  New  varieties  have  ex¬ 
tended  cotton  culture  200  miles 
farther  north. 

New-bred  cows  have  doubled  the 
production  of  butte rf at.  When  vege¬ 
table  fats  nearly  drove  lard  off  the 
American  market,  new  varieties  of 
hogs  were  bred  to  yield  little  lard  but 
much  bacon  and  ham.  Chickens  and 
turkeys  have  been  produced  to  yield 
chiefly  white  meat  and  others  to  yield 
chiefly  dark  meat.  Still  other  varie¬ 
ties  of  chickens  have  been  developed 
to  lay  eggs  of  the  color  that  the  big 
market  buys  at  high  prices. 

One  of  the  best  known  breeders  of 
plants  was  Luther  Burbank  (1849- 


1926).  At  his  home  in  Santa  Rosa, 
California,  he  grew  thousands  of 
plants.  Among  the  famous  varieties 
that  he  produced  were  the  following: 
com  with  32  ears  on  a  stalk;  the 
plumcot,  a  cross  between  the  apricot 
and  the  plum;  the  Shasta  daisy,  6 
inches  in  diameter;  a  walnut  that 
grew  7  feet  in  a  year;  the  famous 
Burbank  potato. 

Heredity  in  man.  Intelligence 
and  stupidity  have  been  found  to 
follow  Mendel’s  law  of  dominance. 
A  large  number  of  families  have 
been  investigated  through  several 
generations  in  America  and  Europe. 
In  some  families  run  crime,  immo¬ 
rality,  and  feeble-mindedness.  In 
others  run  intelligence  and  ability. 

Can  we  control  human  inherit¬ 
ance?  We  can  produce  families  of 
speedy  race  horses,  of  prize  cows  and 
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Sheep  raisers  breed  stock  with  highly  wrinkled  skin.  The  wrinkled  skins 
produce  a  greater  area  of  wool  per  animal 


hens.  We  know  that  sturdy  bodies 
and  able  minds  in  man  follow  the 
same  laws  of  heredity.  Science  has 
shown  how  superior  cows  can  be 
produced.  Shall  we  try  to  produce  su¬ 
perior  men  in  the  same  way? 

Experiment  123  (Optional) 

Question:  How  can  I  show  that  na¬ 
ture  produces  vast  numbers  of  off¬ 
spring?  Count  or  estimate  the  number 
of  grains  of  corn  on  an  ear;  the  num¬ 
ber  of  peas  in  a  pod;  the  number  of 
pods  on  a  vine;  the  number  of  seeds  on 
a  weed.  If  all  survived,  how  many 
plants  would  there  be  the  next  year?  The 
third  year?  How  much  land  would  be 
needed  to  support  each  year’s  crop? 

Experiment  124  (Optional) 

Question:  Do  offspring  vary?  Meas¬ 
ure  the  length  of  each  bean  in  a  cupful. 
Record  results  in  a  table. 
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Length  in  Inches  ^ 

or  less 


Similarly  measure  the  height  of  all 
the  members  of  the  class.  Record  in 
separate  tables  height  of  boys  and  of 
girls  of  each  age. 

Experiment  125  (Optional) 

Question:  What  is  the  value  of  pro¬ 
tective  coloration?  Take  several  pota¬ 
toes  or  balls.  Paint  some  white,  some 
black,  some  mottled  to  imitate  the  col¬ 
ors  of  wild  animals  and  birds.  Place  in 
a  dark  corner  or  in  a  darkened  box 
turned  on  its  side.  Use  various  back¬ 
grounds.  If  these  objects  represented 
wild  animals,  which  would  be  more 
liable  to  destruction  by  beasts  of  prey? 
Which  are  protectively  colored? 

Experiment  126  (Optional) 

Question:  How  can  I  show  that  cer¬ 
tain  traits  are  inherited?  Select  a  cer¬ 
tain  number  of  physical  characteristics 
and  mental  traits.  Choose  those  which 
are  noticeable  and  remembered,  such  as 
stature,  complexion,  color  of  eyes,  color 

A  A  A  A  A 
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of  hair,  excitability,  temper,  humor,  family  that  you  can  learn  about.  Show 
studiousness,  skill,  etc.  Draw  a  chart  of  the  occurrence  of  the  characters  in  each 
all  members  of  each  generation  of  your  generation. 

Additional  Questions  to  Think  Out 

1.  How  do  living  things  differ  from  8.  Of  what  benefit  to  a  plant  is  the 


nonliving? 

2.  How  could  you  show  that  a 
sprouted  seed  was  alive? 

3.  How  does  a  plant  differ  from  an 
animal? 

4.  Think  of  a  paramecium  living  in  a 
pond  and  of  a  cell  living  deep  inside  your 
muscle.  How  can  each  get  food,  water, 
and  other  necessities  of  life,  and  how 
get  rid  of  wastes  that  would  poison  it? 

5.  Why  does  a  paramecium  not  need 
heart  and  lungs  as  higher  animals  do? 

6.  What  is  meant  by  saying  that  the 
cell  is  the  unit  of  the  living  body? 

7.  What  advantage  is  it  to  be  made 
of  cells  instead  of  a  mass  of  proto¬ 
plasm? 


division  of  labor  among  its  different 
parts  ? 

9.  Could  there  be  life  on  earth  if 
there  were  no  soil? 

10.  Why  do  land  plants  need  root 
hairs  though  seaweeds  and  fresh-water 
plants  get  along  without  them? 

11.  From  what  part  of  the  plant  does 
most  of  our  food  come? 

12.  Potatoes  stored  in  the  cellar 
sometimes  sprout.  Why  should  the 
sprouts  be  removed? 

13.  Plants  grown  in  deserts  usually 
have  deep  root  systems,  and  plants  in 
wet  places  have  shallow  roots.  Why? 

14.  If  you  filled  a  parchment  bag 
with  a  sugar  solution,  tied  it  tight  and 


Oats  were  formerly  unsuitable  for  humid  areas  of  the  South.  This  new  variety 
prospers  there 

J.  C.  Allen  and  Son 


put  it  into  a  bucket  of  water,  what 
would  happen? 

15.  If  you  filled  the  parchment  bag 
with  pure  water  and  lowered  it  into 
sugar  solution,  what  would  happen? 

16.  Growing  fruits,  such  as  toma¬ 
toes,  sometimes  split  open  in  wet 
weather?  Why? 

17.  Salt  will  kill  weeds  and  grass. 
How? 

18.  Leaves  vary  more  in  length  and 
breadth  than  in  thickness.  Why? 

19.  Desert  plants  may  have  thick 
leaves,  or,  like  the  cactus,  they  may 
have  none  at  all.  Why? 

20.  The  pine  has  needle-like  leaves 
and  the  oak  broad  leaves.  How  does  the 
pine  make  up  for  the  disadvantage  of 
narrow  leaves? 

21.  Why  is  the  epidermis  on  the  up¬ 
per  side  of  the  leaf  usually  thicker  than 
on  the  lower  side? 

22.  Do  you  see  any  advantage  to  the 
leaf  in  having  most  stomata  on  the 
lower  side? 

23.  Washing  the  leaves  of  house 

I  plants  often  makes  them  grow  better. 
Why? 

24.  Do  white  leaves  of  plants  make 
starch  ? 

25.  Tobacco  fields  are  sometimes 
covered  with  cheesecloth.  How  does  that 
affect  the  leaves? 

26.  Celery  plants  are  bleached  by 
piling  soil  high  around  the  stalks.  Why 
does  this  practice  make  them  white? 

27.  Why  are  celery  and  lettuce 
leaves  often  put  in  water  before  serving? 

28.  Why  does  the  destruction  of 
leaves  of  the  potato  by  potato  beetles 
(potato  “bugs”)  reduce  the  size  of  the 
potatoes? 

29.  Why  will  the  weeds  in  the  lawn 
die  if  you  continually  cut  off  the  leaves 
above  ground? 

30.  Why  do  dead  leaves,  if  not  raked 
from  the  lawn,  damage  the  grass,  while 
dead  leaves  in  the  forest  do  no  harm? 
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Luther  Burbank  and  the  spineless 
cactus  which  he  developed 

31.  Why  are  plants  more  likely  to 
wither  on  a  clear,  windy  day  than  on  a 
hot,  humid  day? 

32.  Why  does  a  wilted  plant  often 
revive  overnight? 

33.  What  is  the  best  time  to  pick 
flowers  if  you  want  to  keep  them? 

34.  Summer  is  the  poorest  time  to 
transplant  trees.  Why? 

35.  Why  are  trees  pruned  (twigs 
trimmed  off)  before  transplanting? 

36.  Study  sections  of  wood  to  see 
what  causes  the  grain. 

37.  The  grain  runs  up  and  down  a 
tree  rather  than  around  the  trunk.  What 
advantage  is  that  to  the  tree? 

38.  Why  is  it  easier  to  split  wood 
than  to  cut  across  the  grain? 

39.  In  getting  sap  to  make  maple 
sugar,  the  tree  is  tapped  only  a  short 
way  in.  Why? 

40.  Why  is  it  that  a  tree  cut  half 
through  will  live,  but  a  tree  with  a  ring 
of  bark  removed  will  die? 

41.  Telephone  linemen  often  brace 
their  poles  with  guy  wires  from  trees. 
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The  cultivated  strawberries  shown 
above  are  2  inches  long  and  have 
been  developed  from  their  wild  an¬ 
cestor  at  the  right.  Wild  strawberries 
are  less  than  one-half  inch  long 


If  the  wire  encircles  the  tree,  it  kills  it. 
If  the  wire  is  attached  to  a  bolt  running 
through  the  trunk,  it  does  not  kill  the 
tree.  Explain. 

42.  Why  are  there  few  low  branches 
on  forest  trees? 

43.  From  a  twig  can  you  tell  the  age 
of  the  tree  on  which  it  grew?  Can  you 
tell  the  age  of  the  twig? 

44.  Which  is  the  oldest  part  of  a  tree 
trunk? 

45.  If  you  drove  a  nail  in  a  tree  four 
feet  from  the  ground,  how  high  would 
you  expect  to  find  it  twenty  years  later? 
Would  you  expect  to  find  it  still  at  the 
same  depth  from  the  surface? 

46.  What  advantage  to  plants  is 
asexual  or  vegetative  reproduction?  Do 
you  know  of  any  cases  of  this  among  ani¬ 
mals? 

47.  Why  do  the  petals  usually  drop 
from  a  flower  after  pollination? 

48.  Stormy  weather  at  blossom  time 
often  results  in  a  small  crop  of  fruit. 
Why? 


49.  Oak  trees  have  very  inconspic¬ 
uous  flowers  and  roses  very  showy  flow¬ 
ers.  Why? 

50.  Flowers  that  open  late  in  the 
evening  are  usually  white.  Why? 

51.  How  does  brightly  colored  fruit 
aid  the  plant? 

52.  Bees  visit  only  one  kind  of 
flower  on  a  trip.  How  does  this  benefit 
the  plants? 

53.  Cucumbers  grown  in  green¬ 
houses  in  winter,  if  left  to  themselves, 
produce  no  fruit.  Why? 

54.  How  are  seedless  oranges  and 
bananas  reproduced? 

55.  Is  heredity  or  environment  of 
more  importance  in  a  person’s  life? 
Argue  it  out  with  your  classmates. 
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For  four  thousand  years  Chinese  farmers 
have  farmed  the  same  soil ,  and  it  is  now  pro¬ 
ducing  heavier  yields  than  do  our  soils.  In 
America ,  soils  are  pronounced  “exhausted” 
after  twenty -five  years,  and  many  are  aban¬ 
doned  after  five  years  or  less.  Chinese  methods 
are  not  suited  to  life  in  America ,  but  soil 
science  is  restoring  our  abused  soils . 

Farms  feed  us,  with  some  additional  food 
from  the  sea.  Farms  clothe  us.  Farms  furnish 
a  variety  of  other  products — oils,  dyes,  fibers, 
explosives.  We  import  materials  from  the 
farms  and  groves  of  the  tropics — rubber, 
bananas,  fibers,  coffee,  medicines.  The  produc¬ 
tion  of  all  these  products  is  receiving  the  inten¬ 
sive  study  of  science. 

Wood,  paper,  turpentine,  rosin,  and  a  va¬ 
riety  of  chemical  substances  derived  from  for¬ 
est  products  are  sent  to  the  market  in  large 
quantities.  Each  of  them  is  used  in  many  indus¬ 
tries.  The  Forest  Products  Laboratory  of  the 
United  States  Department  of  Agriculture  is 
studying  further  uses  of  new  forest  products. 
The  control  of  water  supply  and  of  soil  are  to 
a  very  large  extent  matters  of  forestry.  Growing 
new  forests  is  a  slow  process,  needing  the  guid¬ 
ance  of  science.  Forestry  is  applied  science. 

(1)  (b)  Caterpillar  Tractor  Co.,  (*)  (3)  Ewing  Galloway,  N.Y., 
(5)  Philip  Gendreau 
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F ield  and  F orest  in 
the  Service  of  Man 


Chapter  Forty-eight 

Making  Soil  W ork 


Study  and  care  make  good 
soil.  Farm  soil  is  not  simply  dirt. 
Nor  is  it  merely  ground  or  earth. 
Soil  must  contain  the  building  ma¬ 
terial  of  the  plant’s  body — not  all  of 
the  building  material,  however,  for 
we  have  seen  that  a  large  part  comes 
from  the  air.  Soil  must  furnish  also 
the  means  of  getting  the  materials 
into  the  plant.  Plants  cannot  eat  soil. 
The  vehicle  that  carries  the  minerals 
to  plants  is  water.  Too  much  water, 
however,  drowns  the  plants  and  car¬ 
ries  away  the  food  minerals.  The 
amount  of  water  in  the  soil  and  the 
loss  of  food  minerals  are  to  a  large 
extent  controlled  by  cultivation. 

Plants  and  animals  change  the 
soil.  They  take  out  food  minerals, 
and  they  put  back  wastes  and  eventu¬ 
ally  their  dead  bodies.  Wastes  and 
dead  bodies  are  of  no  use  to  crop 
plants.  If  they  accumulated,  they 
would  merely  clutter  up  the  soil. 
They  must  be  changed  to  other  things. 
The  soil  is  in  a  constant  state  of 
change.  The  change  may  benefit  the 
farmer  or  it  may  bring  him  only  loss. 
His  management  of  the  soil  deter¬ 
mines  whether  the  change  shall  bene¬ 
fit  or  harm  his  crops. 

Soils  vary.  Some  produce  good 
crops  and  some  produce  only  weeds 
and  scrub  trees.  You  have  probably 
seen  both  kinds  as  you  have  driven 


through  the  country.  Even  the  best 
farm  soil  will  not  remain  good  if  the 
farmer  does  not  know  how  to  take 
care  of  it,  and  many  a  soil  poor  by 
nature  has  been  made  productive  by 
cultivation.  The  farmer  must  know. 
The  scientist  is  finding  out  just  how 
each  kind  of  soil  should  be  treated, 
so  that  he  may  pass  the  knowledge 
along  to  the  farmer.  Soil  science  is 
now  an  important  study  of  govern¬ 
ment  and  university  scientists. 

Mineral  food  for  the  plant. 
Plants  will  not  thrive  unless  there  are 
in  the  soil  certain  mineral  elements 
which  can  be  dissolved  by  the  water 
in  the  ground  and  thus  converted  into 
a  form  that  roots  can  use  for  making 
food. 

All  living  matter  contains  oxygen, 
hydrogen,  carbon,  and  nitrogen, 
though  in  varying  proportions.  Some 
of  these  substances  may  be  found  in 
combination  with  the  minerals  which 
are  so  necessary  to  plant  life.  The 
farmer  needs  to  supply  especially 
nitrogen,  phosphorus,  and  potas¬ 
sium.  Plants  also  require  calcium, 
which  is  present  in  lime,  and  sulfur , 
iron,  sodium,  and  chlorine,  as  well 
as  other  elements  in  very  small 
amounts.  Acids  and  water  in  the  soil 
act  on  soil  minerals  so  that  they  are 
dissolved  and  may  be  taken  in  by 
the  root  hairs  of  plants. 


350 


Nitrogen  composes  about  four 
fifths  of  the  air,  but  crop  plants  can¬ 
not  use  it  in  the  state  in  which  it  is 
found  in  the  air.  It  must  be  united 
with  other  substances  in  the  soil  to 
form  compounds  of  nitrogen.  Certain 
types  of  bacteria  bring  about  this 
change.  Farmers  sometimes  plant 
leguminous  crops,  such  as  peas, 
beans,  clover,  and  alfalfa,  in  the 
rows  between  other  crops  to  aid  their 
growth,  or  they  plant  a  leguminous 
crop  the  year  before  they  plant  their 
other  crop.  On  the  roots  of  these 
leguminous  plants  are  tiny  lumps,  or 
nodules ,  filled  with  masses  of  bac¬ 
teria  which  absorb  nitrogen  out  of 
the  air  and  soil  and  turn  it  into  com¬ 
pounds  of  nitrogen.  Besides  these 
root-dwelling  bacteria,  other  bacteria 
living  in  the  soil  also  take  nitrogen 
from  the  air  and  form  compounds  of 
nitrogen. 

What  good  are  dead  things  in 
the  soil?  The  decaying  remains  of 
plants  and  animals,  humus ,  give  the 
dark  color  to  the  topsoil.  Some  soils 
contain  very  little  humus,  but  rich 
farm  soils  generally  have  an  abun¬ 
dant  supply.  Humus  helps  to  make 
the  soil  loose  so  that  air  for  the  young 
roots  may  penetrate.  It  aids  also  in 
retaining  water  in  dry  weather.  Per¬ 
haps  most  important  of  all,  it  is  the 
home  of  bacteria. 

Soil  science  has  shown  that  bac¬ 
teria  are  exceedingly  important  in 
maintaining  fertility.  Much  of  mod¬ 
ern  scientific  farming  is  designed  to 
improve  conditions  for  the  growth  of 
helpful  bacteria.  One  of  these  condi- 


Hugh  Spencer 


Bacteria  in  clover  root  nodules 
change  nitrogen  from  the  air  into 
compounds  plants  can  use 

tions  is  increase  of  humus.  Manure 
spread  upon  the  fields  adds  food  for 
the  beneficial  bacteria.  Farmers 
sometimes  also  spread  waste  plants, 
such  as  cabbage  and  other  crop 
plants,  and  plow  them  under.  Gar¬ 
deners  often  use  decayed  leaves. 
Sometimes  crops,  especially  oats,  are 
plowed  under  while  green  to  increase 
the  humus.  Clover  also  is  plowed 
under.  This  practice  is  called  green 
manuring . 

Changing  dead  material  to 
plant  food.  Dead  things  and  wastes 
of  living  things  contain  valuable  ele¬ 
ments,  food  elements  that  plants  ab¬ 
sorbed  from  the  soil.  Yet  dead 
things  and  wastes  are  not  food  for 
crop  plants.  The  food  elements  in  the 

dead  bodies  are  locked  up  so  that 
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crops  cannot  get  them.  These  valu¬ 
able  elements  are  released  by  living 
plants  and  animals  that  feed  upon 
the  dead  bodies  and  return  the  ele¬ 
ments  to  the  soil  in  such  form  that 
crop  plants  can  absorb  them. 

Bacteria  are  the  most  important 
of  the  destroyers  of  the  dead  bodies. 
There  are  several  kinds  of  valuable 
bacteria  in  the  soil,  changing  worth¬ 
less  dead  material  into  valuable 
minerals.  Among  them  are  certain 
nitrogen  bacteria  that  feed  upon  pro¬ 
tein  food  and  change  it  to  nitrates. 
There  are  several  of  these  nitrogen 
bacteria.  One  set  feeds  upon  proteins 
and  changes  them  to  simpler  com¬ 
pounds.  Then  a  second  set  changes 
these  compounds  to  still  simpler 
compounds.  Eventually  the  nitrogen 
lies  in  the  soil  as  nitrates,  one  of  the 
valuable  mineral  foods  of  crop 
plants.  The  farmer  pays  high  prices 
for  nitrates  brought  all  the  way  from 
the  deserts  of  Chile  or  made  by  elec¬ 
tric  plants  in  this  country.  The  nitro¬ 


gen  bacteria  that  feed  on  dead  things 
and  change  them  to  nitrates  may  live 
in  the  same  soils  as  the  nitrogen  bac¬ 
teria  of  the  root  nodules  that  change 
the  nitrogen  of  the  air  into  nitrates. 
In  the  soil  that  is  properly  cared  for, 
bacteria  are  continually  building 
nitrates  for  the  farmer.  But  these 
helpful  bacteria  thrive  only  when  the 
soils  are  taken  care  of. 

Controlling  soil  water.  If  you 
scratch  away  the  soil  in  your  garden 
or  field,  you  will  find  that  the  soil  just 
below  the  surface  is  damp.  It  should 
not  be  wet  or  muddy.  Few  crop  plants 
except  rice  can  live  in  a  water-logged 
soil.  In  good  farm  soils  a  thin  film 
of  water  surrounds  each  soil  particle. 
This  film  is  the  water  supply  of  the 
root  hairs  as  well  as  their  supply  of 
dissolved  minerals.  As  the  water  is 
absorbed  by  the  root  hairs,  more 
rises  from  below  to  take  its  place. 

W ater  rises  through  the  fine  spaces 
or  pores  between  the  soil  particles  as 
it  rises  in  a  sponge  or  between  the 


Water  rises  through  the  fine  spaces  between  the  soil  particles  by  capillary 
attraction  as  shown  in  the  drawing.  Harrowing  reduces  water  loss  in  dry  areas 
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threads  of  a  towel.  You  have  prob¬ 
ably  seen  water  rise  through  a  bath 
towel,  the  end  of  which  has  fallen 
into  the  tub.  You  can  see  it  rise  in 
small  glass  tubes  when  you  stand 
them  in  a  tumbler  of  water.  We  say 
that  water  rises  thus  through  fine, 
hairlike  spaces  by  capillary  attrac¬ 
tion  or  capillarity  (from  Latin  capil - 
us,  hair).  When  the  soil  is  compact, 
the  pores  form  continuous  capillary 
passageways  from  the  underground 
supply  of  water  to  the  surface. 

Water  brought  to  the  surface  of  the 
soil  by  capillarity  evaporates  and 
more  rises  to  replace  it.  Water  evap¬ 
orated  from  the  soil  is  lost.  The  con¬ 
tinued  loss  of  water  by  capillarity 
and  evaporation  may  be  so  serious  as 
to  stop  the  growth  of  plants.  Such 
loss  is  controlled  by  proper  cultiva¬ 
tion  of  the  soil. 

Cultivation  of  the  soil.  Plow¬ 
ing,  harrowing,  and  otherwise  break¬ 
ing  up  the  soil  is  called  cultivation. 
The  plow  turns  over  large  masses 
and  clods  of  earth.  The  harrow  and 
the  drag  break  up  the  clods  and  level 
the  surface. 

Cultivating  the  surface  breaks  the 
capillary  passages  by  which  soil 
water  rises  to  the  surface.  Frequent 
harrowing  keeps  on  the  surface  a 
loose  layer  of  dirt  called  a  dust 
mulch.  Loss  of  water  by  evaporation 
is  reduced  by  such  a  mulch.  Rain 
compacts  the  soil,  but  the  farmer, 
anxious  to  save  the  soil  water,  har¬ 
rows  after  a  rain  as  soon  as  the  sur¬ 
face  dries  a  little.  By  harrowing  the 
soil  of  dry  regions,  farmers  some¬ 


times  save  the  little  rain  for  two 
years  before  planting  a  crop.  Truck 
farmers  sometimes  cover  the  ground 
between  the  plants  with  heavy  paper 
to  reduce  the  evaporation  as  well  as 
to  prevent  the  growth  of  weeds. 

Cultivation  of  the  soil  benefits  the 
crops  in  other  ways.  It  allows  tender 
roots  to  penetrate  the  soil  more 
easily.  It  allows  air  to  reach  roots  and 
soil  bacteria,  for  they  must  breathe. 
It  allows  the  escape  of  carbon  diox¬ 
ide  from  these  and  other  soil  dwell¬ 
ers.  It  prevents  the  accumulation  of 
organic  matter  in  clods  and  distrib¬ 
utes  the  plant  food  more  evenly  so 
that  roots  can  reach  it. 

Making  the  most  of  sand.  If 
you  have  seen  a  stretch  of  barren 
sand  at  the  seashore  or  the  lakeshore 
or  elsewhere,  you  would  not  be 
tempted  to  try  to  farm  it.  There  may 
be  some  coarse  plants  growing  in  it, 
but  it  seems  utterly  hopeless  for 
farm  crops.  It  has  several  defects.  It 
lacks  important  food  minerals,  es¬ 
pecially  nitrogen,  potassium,  and 
phosphorus.  It  lacks  water.  Water 
runs  right  through  it  because  it  is  so 
coarse.  It  is  dry  on  the  surface  almost 
as  soon  as  the  rain  stops.  It  has  little 
or  no  humus.  Its  particles  are  so  large 
that  air  circulates  freely,  oxidizing 
the  dead  plants  that  might  form 
humus. 

Yet  if  these  defects  can  be  cor¬ 
rected,  sandy  soil  has  some  advan¬ 
tages.  Because  it  holds  little  water,  it 
warms  up  quickly  in  the  spring  and 
is  therefore  good  for  early  vege¬ 
tables.  Through  the  South,  the  sandy 
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Desert  reclamation  through  irrigation  and  planting  of  alfalfa.  Sagebrush  at  left 


Coastal  Plain  produces  trainloads  of 
early  vegetables  for  northern  mar¬ 
kets. 

In  the  improvement  of  sandy  soils, 
the  missing  mineral  foods  must  be 
added  as  fertilizer.  Humus  must  be 
developed.  Green  manuring  is  often 
practiced,  especially  when  the  soil  is 
being  used  for  the  first  time.  With 
abundant  manuring  and  fertilizing, 
sandy  soil  may  be  exceedingly  pro¬ 
ductive  for  the  crops  for  which  it  is 
adapted,  especially  vegetables  and 
certain  small  fruits. 

The  good  and  bad  of  clay  soil. 
Pure  clay  or  kaolin  cannot  be  used 
for  farming;  but  if  enough  humus 
and  sand  are  present,  clay  soil  may 
be  very  productive.  Clay  soil  is  pro¬ 
duced  by  the  weathering  of  layers  of 
solid  clay,  slate,  granite,  basalt,  and 
limestone.  It  predominates  in  Great 
Britain,  is  distributed  widely  in  the 
United  States,  and  makes  up  the 
adobe  soil  of  the  western  and  south¬ 
western  parts  of  the  United  States. 

Clay  soil  lacks  some  of  the  advan¬ 
tages  of  sandy  soil,  but  it  has  many 
good  qualities  which  sandy  soil 
lacks.  The  two  soils  differ  in  the  way 
in  which  they  react  to  water.  If  you 


have  used  clay  in  modeling,  you 
know  that  it  is  slippery,  and  that  it 
can  be  tightly  packed  together.  Its 
particles  are  very  small.  Little  water 
can  pass  through  a  mass  of  it.  How¬ 
ever,  the  water  that  does  enter  is 
taken  in  slowly  and  held  tenaciously. 
Water  cannot  circulate  so  freely  in 
clay  soil  as  it  can  in  sandy  soil. 

Because  of  its  tendency  to  hold 
water,  clay  soil  warms  slowly  in  the 
spring  and  is,  therefore,  most  suit¬ 
able  for  crops  which  grow  slowly 
and  ripen  late  in  the  season.  Corn, 
wheat,  blue  grass,  oats,  barley,  and 
rye  are  some  of  the  products  which 
grow  best  in  it.  Legumes,  such  as 
clover  and  beans,  thrive  in  the  looser 
varieties  of  clay  soil. 

Humus  accumulates  and  is  read¬ 
ily  embodied  in  clay  soil.  Such  soil 
often  contains  abundant  supplies  of 
nitrogen  and  potassium,  but  it  gen¬ 
erally  lacks  phosphorus,  which  may 
be  supplied  by  the  use  of  suitable 
fertilizers. 

Improving  clay  soil.  One  of  the 
great  disadvantages  of  clay  soil  is  its 
tendency  to  cake  and  crack  when 
dry.  This  necessitates  careful  culti¬ 
vation  at  the  correct  times. 
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Clay  soil  should  not  be  cultivated 
when  it  is  wet,  for  when  it  is  wet,  it  is 
sticky.  Perhaps  you  have  tried  to 
drive  on  a  “gumbo”  road,  or  you 
have  walked  across  a  sticky  mud 
field  with  twenty  pounds  of  clay 
hanging  on  each  foot.  That  sort  of 
clay  cannot  be  plowed  after  a  good 
rain.  It  should  be  plowed  directly 
after  it  has  dried,  but  before  the  air 
has  hardened  it  into  lumps  and  has 
caused  it  to  crack. 

The  planting  of  alfalfa  improves 
the  texture  of  some  clay  soil  because 
its  long  roots  penetrate  and  tend  to 
make  it  more  porous.  Another  way 
of  improving  such  soil  is  to  add 
humus,  manure,  and  lime,  which 
help  to  keep  a  crust  from  forming 
after  rain.  Lime  makes  the  soil  drier 
and  warmer  so  that  it  can  be  used 
earlier  for  crops. 

Soil  the  farmer  loves.  You  can 
easily  imagine  that  the  farmer  pre¬ 
fers  a  soil  which  combines  the  best 
features  of  sandy  and  clay  soils  and 
which  lacks  their  disadvantages. 
This  variety  of  soil  is  called  loam.  It 
is  the  typical  agricultural  soil  of  the 
most  fertile  regions  of  the  world  and 
of  a  large  part  of  the  most  productive 
farming  area  of  the  United  States. 

Loam  is  a  mixture  of  various  soils 
and  organic  matter.  Loam  contain¬ 
ing  a  large  proportion  of  sand  or 
gravel,  and  little  clay,  is  called  sand 
or  gravel  loam.  That  composed 
mostly  of  clay,  and  containing  little 
sand  or  gravel,  is  clay  loam.  If  the 
greater  proportion  is  silt  (fine 
earth),  it  is  known  as  silt  loam, . 


Most  loams  contain  a  large  per¬ 
centage  of  organic  matter  and  min¬ 
eral  elements.  From  its  clay  content 
loam  derives  the  ability  to  hold  wa¬ 
ter,  and,  because  of  the  sand  in  it, 
does  not  cake  and  crack  when  dry. 
Loam  is  porous  enough  to  allow  air 
to  enter,  but  does  not  allow  it  to  cir¬ 
culate  freely  and  oxidize  the  organic 
matter.  When  it  has  a  high  propor¬ 
tion  of  organic  matter  in  it,  loam  is 
a  rich,  blackish  brown  color. 

Sour  soil.  Plants  give  off  carbon 
dioxide  through  their  roots.  Bacteria 
and  other  living  things  in  the  soil 
also  give  off  carbon  dioxide.  Some 
of  this  gas  escapes  into  the  air,  but 
much  of  its  dissolves  in  soil  water  to 
form  carbonic  acid.  Other  acids  are 
also  released  in  the  soil  by  plants 
and  by  the  decay  of  organic  matter. 

Alkaline  substances  in  the  soil 
combine  with  the  acids  to  produce 
neutral  salts.  Such  salts  are  the  min¬ 
eral  foods  taken  in  by  roots.  When 
acids  are  left  uncombined  either  be¬ 
cause  of  shortage  of  available  alka¬ 
line  substances  or  for  other  reasons, 
they  may  produce  acid  or  sour  soil. 

Most  crop  plants  do  not  grow  well 
in  acid  soils.  If  the  soil  is  only 
slightly  acid,  however,  some  crops, 
such  as  potatoes,  rye,  and  com  do 
well.  Excessive  acid  is  injurious  not 
only  to  the  crops  directly  but  to  the 
beneficial  bacteria  which  do  so  much 
to  maintain  the  fertility  of  the  soil. 

Acid  soils  may  be  improved  by  the 
addition  of  alkaline  substances. 
These  unite  with  the  excess  acid  and 
produce  salts  that  can  be  absorbed 
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Black  Star 

Either  (1)  contour  plowing  or  (2) 
terracing  reduces  soil  loss  on  hill¬ 
sides.  Water  running  down  the  (3) 
unterraced  hill  carries  soil  with  it. 
Cracked  clay  soil  (4)  indicates  care¬ 
less  cultivation 

by  the  root  hairs  of  the  plants.  Lime 
or  finely  ground  limestone  is  largely 
used  for  this  purpose.  Scientific 
farming  prevents  the  production  of 
acid  soils  by  the  selection  of  proper 
fertilizers  and  by  proper  cultivation. 


Preventing  the  loss  of  soil.  It 

takes  nature  400  years  to  produce 
an  inch  of  soil.  In  many  parts  of  the 
United  States  that  inch  of  rich  soil 
has  been  allowed  to  wash  away  with 
the  rain  in  a  few  years.  Forests  have 
been  cut  down  so  that  the  rain  runs 
freely  away,  carrying  off  the  soil. 
The  bare  soil  is  sometimes  exposed 
by  the  burning  of  grass  or  the  plow¬ 
ing  of  steep  hillsides.  Many  prairies 
have  had  their  grass  cover  destroyed 
by  the  pasturing  of  too  many  cattle. 
In  some  sections  strong  winds  in  win¬ 
ter  and  in  the  dry  season  carry  away 
the  soil  from  fields  left  fallow  (bare 
of  vegetation). 

Government  scientists  and  others 
have  become  alarmed  at  this  swift 
and  steady  loss  of  soil  that  cannot  be 
replaced  in  centuries.  Extensive  ex¬ 
periments  to  learn  the  best  methods 
of  control  are  in  progress.  Cover 
crops  are  sown  to  keep  the  ground 
covered  with  vegetation  when  not 
used  for  other  crops.  Hillsides  where 
there  is  danger  of  erosion  should  be 
kept  in  grass  for  pasture.  State  and 
national  governments  are  restoring 
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forest  to  steep  hillsides  to  reduce  the 
“run-off”  of  rain  water.  In  the  public 
grazing  lands  government  officers 
limit  the  number  of  cattle  and  sheep 
so  that  the  grass  cover  is  not  de¬ 
stroyed. 

Soil  needs  fertilizers.  There  are 
several  reasons  for  the  loss  of  fer¬ 
tility  of  soil.  Soil  sometimes  ceases 
to  hold  a  sufficient  supply  of  water, 
bacteria  cease  growing  properly  in 
it,  organic  matter  escapes  through 
erosion,  and  compounds  of  nitrogen 
and  other  necessary  elements  are 
washed  out  (leached)  by  rain  water. 
Substances  which  plants  need  for 
food  may  be  used  up  because  one 
kind  of  crop  is  grown  too  frequently 
upon  the  same  soil. 

When  crops  grow,  they  remove 
substances  from  the  soil  which  must 
be  replaced  if  the  soil  is  to  remain 
fertile.  Nature  returns  the  dead 
plants  containing  the  food  elements 
to  the  soil.  Man  sends  away  the  crops 
to  a  distance.  He  must  therefore  add 
the  elements  again  to  the  soil.  This  is 
done  by  the  addition  of  commercial 
fertilizers  manufactured  especially 
for  the  purpose,  or  by  the  addi¬ 
tion  of  organic  matter — manure  or 
humus. 

Commercial  fertilizers  contain 
varying  amounts  of  nitrogen,  phos¬ 
phorus,  potassium,  calcium,  sodium, 
and  sulphur.  Nitrogen  makes  leaves 
grow  fast  and  abundantly,  potassium 
produces  a  large  supply  of  seeds,  and 
phosphorus  increases  the  yield  and 
hastens  the  ripening  process.  Cal¬ 
cium  (lime)  neutralizes  acids  and 
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helps  to  make  other  elements  avail¬ 
able  to  plants.  Sulfur  produces  new 
tissues  in  plants. 

If  a  soil  lacks  sufficient  humus,  the 
surface  tends  to  crack  and  allow 
water  to  escape.  Manure ,  composed 
of  waste  materials  from  the  bodies 
of  living  animals,  is  rich  in  humus 
and  is  widely  used  as  a  fertilizer.  Its 
rich  supply  of  bacteria  causes  or¬ 
ganic  matter  to  decay  and  form  more 
humus.  The  humus  loosens  the  soil, 
prevents  it  from  cracking,  and  holds 
the  water.  It  also  enables  plant  roots 
to  penetrate  the  soil  more  easily. 

Rotation  of  crops.  Instead  of 
planting  the  same  crop  in  the  same 
field  each  year,  farmers  in  the  in¬ 
tensively  cultivated  regions  plant  a 
succession  of  different  crops.  Thus  a 
field  may  be  planted  in  successive 
years  with  the  following  crops:  corn, 
oats,  wheat,  grass,  and  clover.  Ex¬ 
periment  has  shown  that  rotation 
may  double  the  yield  or  do  even  bet¬ 
ter.  There  are  probably  several  rea¬ 
sons  for  the  benefits  of  rotation.  The 
different  crops  vary  in  their  de¬ 
mands  for  the  mineral  salts  in  the 
soil.  Allowing  the  ground  a  partial 
rest  gives  time  for  more  mineral  salts 
to  be  released  from  rock  particles  or 
to  be  re-formed  in  the  soil.  Further¬ 
more  certain  diseases,  weeds,  and 
insects  infest  particular  crops.  Grow¬ 
ing  other  crops  that  do  not  benefit 
our  enemies  reduces  their  number  in 
the  soil.  Rotation  also  permits  the 
growing  of  a  leguminous  crop,  such 
as  clover,  that  adds  nitrogen  to  the 
soil. 
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Experiment  127 

Question :  To  find  the  characteristics 
of  soils. 

Materials:  Specimens  of  the  following 
and  other  soils:  sand,  gravel,  clay,  silt 
(fine  dirt),  humus  (leaf  mold);  mag¬ 
nifier;  tumblers;  stirring  rods. 

Directions:  Examine  each  kind  of  soil 
as  follows:  (a)  Note  the  appearance  to 


Kind  of  Soil 


Color 


Gravel . 

Sand . 

Silt . 

Clay . 

Humus . 

Conclusion:  1.  How  is  soil  made? 
2.  What  types  of  soil  have  you  distin¬ 
guished?  3.  What  types  do  you  find  in  the 
best  farms  or  gardens  in  your  vicinity? 

Experiment  128 

Question:  What  are  the  elements  of  a 
fertile  soil? 

Materials:  Four  flower  pots;  clay; 
sand;  garden  soil;  \  teaspoonful  am¬ 
monium  nitrate;  -J  teaspoonful  potas¬ 
sium  chloride;  1  tablespoonful  rock 
phosphate,  oat  seeds. 

Directions :  Put  the  clay  in  pot  No.  1; 
garden  soil  in  No.  2;  sand  in  Nos.  3 
and  4.  Mix  the  three  chemical  fertilizers 
and  add  to  pot  No.  4. 

Plant  a  dozen  oat  seeds  in  each  pot. 
Record  the  date  of  planting.  Keep  in  a 
warm  place.  Keep  the  soil  moist,  not 
wet.  When  the  seeds  sprout,  place  the 
pots  in  the  sun.  Watch  for  several  weeks. 

Results:  Record  the  growth  at  regular 
intervals,  keeping  the  record  of  each  pot. 

Conclusion:  Answer  the  question. 

Experiment  129 

Question:  How  does  water  rise  in 

soil? 


naked  eye  and  under  magnifier. 

( b )  Feel  between  the  fingers. 

(c)  Stir  a  little  in  a  tumbler  of  water 

# 

and  note  what  settles  easily  and  what 
remains  afloat  for  a  time. 

( d )  Heat  some  to  kindling  tempera¬ 
ture. 

Results:  Fill  in  the  following  table  in 
your  notebook. 


Coarseness 
(Coarse, 
Medium, 
or  Fine) 


Behavior 

in 

Water 


Behavior 

on 

Heating 


Material:  Several  glass  tubes  of  dif¬ 
ferent  diameters,  4  inches  or  more  long; 
4  test  tubes  with  bottoms  removed; 
some  sand;  some  fine  soil;  some  loam 
of  medium  fineness;  some  humus. 

Directions:  (a)  Half  fill  a  tumbler 
with  water,  and  add  a  little  red  ink. 
Stand  the  glass  tubes  in  the  tumbler. 
Note  the  height  to  which  the  inky  water 
rises  in  each  tube. 

( b )  Dry  the  samples  of  soil.  Pack  the 
4  samples  of  soil  in  the  4  test  tubes.  Stand 
the  test  tubes  in  water  and  note  the 
height  to  which  the  water  rises  in  each 
soil. 

(c)  Take  the  medium  fine  soil  and 
compare  the  height  to  which  the  water 
rises  when  the  soil  is  packed  very 
loosely  and  when  it  is  packed  tightly. 

Results:  Tabulate  your  results. 

Conclusions:  The  water  in  the  glass 
tubes  rises  by  capillarity  or  capillary  at¬ 
traction.  What  effect  has  the  size  of  the 
capillary  space  upon  the  height  to  which 
the  water  rises? 

What  accounts  for  the  rise  of  water 
in  soils?  How  do  soils  vary  in  capillary 
attraction? 


359 


MAKING  SOIL  WORK 


How  does  loosening  the  soil  of  a  field 
by  cultivation  affect  the  water  content? 

Experiment  130 

Question:  How  do  soils  vary  in  their 
retention  of  water? 

Materials:  Funnel  stand;  4  funnels;  a 
little  cotton;  clay;  sand;  garden  soil; 
humus;  measuring  cylinder. 

Funnel  Number  1 

Kind  of  soil 
Quantity  of  soil 
Quantity  of  water  poured  in 
Quantity  of  water  recovered 

Conclusion:  Answer  the  question. 

Practical  application:  Why  does  a 
sandy  garden  require  much  watering? 
Why  is  a  forest  soil  often  damp  when 
at  the  same  time  meadow  soil  is  dry? 
Why  should  soil  for  starting  seeds  con¬ 
tain  much  humus? 

Experiment  131  (Optional) 

Question:  How  would  cultivation 

Questions  to 

1.  If  your  garden  soil  is  too  sandy, 
what  can  you  do,  in  your  particular  local¬ 
ity,  to  correct  the  condition?  if  it  is  stiff 
clay? 

2.  If  you  want  soil  for  potting 
plants,  how  would  you  make  it  up? 

3.  Why  are  seeds  and  slips  often 
started  in  sand  and  later  transplanted  to 
heavier  soil? 

4.  Make  a  survey  of  soils  in  your 
neighborhood  and  classify  them  as  sug¬ 
gested  on  pages  353-356.  Make  a  map 
showing  by  coloring  the  different  kinds 
of  soils.  Your  map  may  cover  a  large 


Directions:  Plug  the  funnels  lightly 
with  cotton.  Using  the  same  quantity  of 
soil,  place  each  type  of  soil  in  a  funnel. 
Pour  the  same  quantity  of  water 
through  each  funnel  and  measure  the 
quantity  that  runs  through. 

Results:  Draw  a  diagram  of  appara¬ 
tus.  Record  results  in  a  table. 


Think  Out  and  to  Investigate 


help  growing  plants?  If  you  have  a  gar¬ 
den,  try  cultivating  the  soil  frequently 
on  one  plot  and  allowing  the  same  kind 
of  plants  to  grow  without  cultivation 
on  a  near-by  plot.  In  the  cultivated  plot 
keep  the  soil  always  finely  powdered  or 
mulched.  Window  boxes  filled  with  or¬ 
dinary  garden  soil  may  be  used  for  the 
experiment  if  small,  erect  plants  are 
grown. 


section  of  your  state  or  a  small  and 
varied  section  of  a  farm  or  park. 

5.  Would  you  expect  to  find  tender 
plants  or  tough  and  hardy  plants  grow¬ 
ing  in  sand?  Why?  On  a  rocky  hill? 
On  a  moist  meadow?  Visit  such  areas 
to  see. 

6.  Why  is  it  that  farmers  generally 
must  add  manure  or  commercial  ferti¬ 
lizers  to  field  and  orchard,  but  nature 
grows  luxuriant  forests  and  grass  with¬ 
out  them? 

7.  Why  must  potted  plants  usually  be 
watered  every  day  but  plants  growing  in 
the  garden  usually  not? 


Chapter  Forty-nine 

Our  Farms  and  Their  Crops 


Colonial  farms.  In  the  days 
when  there  were  only  a  few  white 
people  in  the  narrow  strip  of  scat¬ 
tered  settlements  along  the  Atlantic 
coast,  each  farmer  colonist  had  to 
raise  the  variety  of  food  that  his 
family  and  domestic  animals 
needed.  Vegetables,  wheat,  corn, 
hay,  and  oats  were  essential.  In  the 
rocky  acres  of  New  England  he  had 
the  work  of  almost  a  lifetime  to  clear 
the  trees  and  stones  from  a  farm  of 
any  size.  There  the  miles  of  stone 
fences  hemming  in  fields  still  testify 
to  the  arduous  labor  he  performed 
with  the  aid  of  a  few  simple  tools  and 
a  team  of  horses  or  a  yoke  of  oxen. 
The  freezing  season  of  six  months 
or  more  limited  the  kind  of  crops  he 
could  produce.  But  farther  to  the 
south  the  colonists  could  easily  till 
the  fertile  river-bottom  lands  and 
with  the  warmer  sunshine  obtain  a 
large  yield  from  their  plantations. 
General  Washington  was  a  leader 
among  farmers,  and  was  constantly 
on  the  lookout  for  improved  strains 
and  new  varieties  of  foodstuffs  and 
better  ways  of  cultivation. 

On  the  eastern  seaboard  nearly 
everything  that  was  needed  in  a 
home,  from  rhubarb  for  a  spring 
tonic  to  wool  for  clothing,  was  pro¬ 
duced  on  the  farm.  Luxuries  and 
machinery  were  imported  from 
France  and  England. 


Towns  and  cities.  For  centuries 
in  Europe,  use  had  been  made  of 
waterfalls  or  rapids  to  grind  grain 
for  flour,  and  our  settlers  were  quick 
to  make  use  of  the  many  streams  to 
turn  wheels  in  their  mills  where  grain 
was  ground  and  lumber  sawed.  The 
millwright  was  an  important  mem¬ 
ber  of  a  community.  Gradually,  as 
the  population  increased,  villages 
grew  up  around  these  milling  cen¬ 
ters.  Shipping  always  seeks  out  fa¬ 
vorable  harbors,  and  the  important 
ports  of  Boston,  New  York,  Phila¬ 
delphia,  and  Baltimore  grew  into 
cities.  Stores,  printing  shops,  and 
manufactories  developed  in  these 
communities.  As  a  result,  there  were 
many  people  to  be  fed  who  did  not 
live  on  farms,  and  the  farmers  were 
called  upon  to  raise  more  food  than 
they  needed  for  their  own  families. 
The  food  had  to  be  carried  some  dis¬ 
tance  by  many  farmers  and,  as  the 
roads  were  few  and  rough,  carrying 
was  done  by  water  wherever  pos¬ 
sible.  A  few  canals  were  dug  to  aid 
in  transportation  where  rivers  were 
not  available. 

Rich  land  farther  west.  The 

pressure  of  increased  population 
and  the  promise  of  free  land  sent  pi¬ 
oneers  west.  Here,  in  the  region  west 
of  the  Appalachians  and  extending 
across  into  what  is  now  Nebraska  and 
Kansas,  they  found  that  the  warm, 
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Philip  Gendreau,  Ewing  Galloway,  N.Y. 

Contrast  this  rocky  Vermont  farm¬ 
land  with  the  flat  lands  of  Iowa 

temperate  summers  and  abundant 
rainfall  would  reward  them  with 
large  crops,  especially  of  wheat  and 
corn.  For  thousands  of  years  this 
land  had  been  storing  up  in  the  soil 
elements  that  had  been  carried, 
ground  up,  and  deposited  by  the 
glaciers  of  the  Ice  Age,  and  further 
acted  upon  by  the  weathering  of 
wind,  water,  and  sun.  Year  after 
year  the  early  farmers  were  able  to 
raise  huge  crops  by  cultivation  only, 
without  the  addition  of  fertilizers. 
The  soil  was  rich  in  plant  food.  It 
seemed  the  land  would  never  fail. 

But  as  crop  after  crop  of  the  same 
kind  was  taken  off,  the  land  became 
less  productive.  Then  fertilizers  were 
added  in  the  more  intensively  culti¬ 
vated  regions,  but  there  are  still 
many  farms  where  little  or  none  is 
used.  Rotation  of  crops  was  also  be¬ 
gun.  Even  with  the  best  practices 
many  soils  are  still  called  exhausted. 


Soil  scientists  are  studying  the  so- 
called  exhausted  soils  and  finding 
how  each  may  be  restored  to  fertility. 

Corn.  The  section  of  the  central 
states  that  we  have  mentioned  is  so 
exactly  adapted  for  the  growth  of 
corn  that  it  is  called  the  Corn  Belt. 
Because  its  long,  thin  leaves  are  sus¬ 
ceptible  to  frost,  corn  is  not  planted 
until  that  likelihood  is  past  in  the 
spring.  If  it  is  to  be  cut,  as  in  dairy 
sections,  as  green  fodder  for  storage 
in  silos  for  fresh  winter  food,  the 
seed  is  planted  in  hills  three  or  four 
feet  apart  to  give  the  plants  more 
space.  As  soon  as  the  blades  appear, 
cultivation  is  begun  in  order  to  keep 
the  surface  of  the  ground  loose  and 
prevent  weeds  from  starting.  Nothing 
contributes  more  to  a  good  stand  of 
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Anchor  roots  of  the  corn  plant  grow  above  ground 


corn  than  persistent  cultivation.  Com 
relies  partly  for  its  quick  growth 
upon  a  mass  of  fibrous  roots  that 
push  to  a  depth  of  as  much  as  four 
feet.  Just  above  the  ground  short, 
stalky  braces,  called  anchor  roots, 
help  to  hold  the  stem  erect  and  resist 
winds  and  storms. 

Use  of  cornstalks  and  cobs.  If 
the  corn  is  to  be  used  for  fodder,  the 
stalks  and  ears  are  cut  by  a  power 
cutter  into  very  short  lengths  and 
stored  in  a  silo  for  use  during  the 
winter.  If  the  ears  are  left  to  mature, 
the  corn  is  sometimes  gathered  into 
large  shocks  where  it  stands  to  dry 
and  the  ears  are  husked  later  either 
by  hand  or  by  machine.  Sometimes 
ears  are  plucked  from  standing  corn. 

Throughout  our  history  corn  has 
kept  its  place  as  food  for  man  and 
animals.  Its  greatest  use  in  the 
United  States  is  for  stock  feed.  It  is 
used  also  in  the  form  of  corn  meal 


and  cornstarch  in  cooking,  and  in 
powdered  form  for  starching  clothes. 
Oil  pressed  from  the  grain  is  used 
for  salad  oil  and  for  other  purposes. 
Corn  bids  fair  to  become  valuable  in 
another  way,  for  chemists  have 
found  in  its  fibrous  stalk  a  source  of 
valuable  material— cellulose— from 
which  paper,  cellophane,  lacquers, 
and  other  substances  may  be  made. 
Corncobs  may  be  ground  into  paper 
pulp  and  also  made  into  wood  flour, 
insulation  board,  and  artificial  silk. 
If  these  products  can  be  manufac¬ 
tured  cheaply,  the  farmer  will  have 
an  extra  source  of  income  from  his 
corn  crop. 

Alfalfa.  No  crop  is  more  depend¬ 
ent  upon  good  preparation  of  the 
soil  than  alfalfa.  It  needs  a  deep,  rich 
soil  with  good  drainage  and  plenty 
of  lime.  If  the  soil  is  deficient  in  lime, 
ground  lime  should  be  spread  on  the 
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field.  The  small  leaves  and  purple 
blossoms  of  this  legume  make  a  pro¬ 
fuse  growth  so  that  weeds  find  it  hard 
to  survive  in  the  thick  mass.  It  grows 
so  rapidly  that  it  can  be  cut  for  hay 
from  two  to  four  times  in  a  year, 
depending  upon  the  length  of  the 
growing  season.  Because  its  roots 
penetrate  deep  to  find  moisture,  it  is 
valuable  to  farmers  in  dry  sections; 
and  to  farmers  everywhere  because 
of  its  nitrogen-fixing  power.  Good 
alfalfa  seed  is  expensive  but  it  gives 
abundant  returns  for  several  years. 

Dairy  farms.  The  producer  of 
dairy  supplies  has  his  peculiar  prob¬ 
lems.  He  should,  if  possible,  grow 
enough  hay  and  grain  for  his  herds. 
If  he  has  the  space  and  can  afford 
the  time  to  work  it,  part  of  his  land 
may  be  found  well  adapted  to  rais¬ 
ing  fruits  or  vegetables.  Some  dairy¬ 
men  plant  fields  of  cabbage.  If  the 
cabbage  crop  does  not  command  a 
good  cash  price,  they  feed  it  to  their 
cattle.  Fertilization  on  these  farms  is 
supplied  to  a  large  extent  by  the 
stable  manure  which  goes  back  to  the 
land.  If  this  cannot  be  drawn  daily 
and  spread  on  the  land,  it  should  be 
kept  in  pits  so  that  none  of  its  useful 
compounds  will  drain  away. 

Other  plants  used  for  hay  are 
clover  and  timothy  grass,  which  are 
often  planted  together.  To  a  greater 
extent  than  anywhere  else  in  the 
United  States,  hay  grows  abundantly 
in  the  northeastern  section  and  in  the 
states  adjoining  the  Great  Lakes. 
Here,  where  the  land  drains  in  na¬ 
tural  slopes  and  the  air  is  moisture¬ 


laden  from  evaporation  over  these 
large  bodies  of  water,  much  general 
farming  is  done,  and  nearly  all  foods 
common  to  a  temperate  climate  can 
be  grown.  The  rolling  land  is  well 
supplied  with  lakes  and  streams  and 
affords  fine  pasturage  for  cattle.  The 
milk  produced  goes  to  convenient 
markets  in  the  numerous  large  cities 
of  this  region. 

The  demand  for  milk  is  so  great 
in  Chicago,  Philadelphia,  and  New 
York  that  it  is  shipped  daily  to  these 
cities  from  farms  200  or  more  miles 
away.  After  the  milk  leaves  the  hands 
of  the  dairy  farmer,  hundreds  of 
men  are  employed  in  shipping,  pas¬ 
teurizing,  and  delivering  it  to  con¬ 
sumers.  Part  of  the  milk  produced 
in  the  dairy  regions  is  converted  into 
butter  and  various  kinds  of  cheese.  A 
large  part  is  canned  as  evaporated 
milk. 

Meat  from  the  farms.  In  the 

old  cowboy  days  cattle  roamed  the 
plains  and  the  open  lands  in  the 
mountains  from  the  Rio  Grande  to 
the  Canadian  border.  Cattle  were 
driven  with  the  change  of  season 
from  Texas  to  Wyoming.  Cowboys 
still  drive  cattle  on  the  western 
ranges,  but  the  great  area  for  the  pro¬ 
duction  of  meat  now  centers  around 
Iowa.  Farmers  of  the  great  corn 
states  found  that  it  paid  to  feed  corn 
and  other  crops  to  cattle  and  to  hogs. 
In  addition  to  cattle  born  on  the 
farms,  trainloads  of  cattle  are 
shipped  to  the  corn  states  to  be  fat¬ 
tened  for  market.  There  is  a  similar 
movement  of  cattle  and  sheep  to  the 
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sugar-beet  areas  to  fatten  on  the  tops 
and  waste  of  the  beets  after  the  sugar 
is  extracted. 

Cotton.  Where  the  eastern  moun¬ 
tain  ranges  level  out  to  the  coastal 
plain  of  the  southeastern  states  and 
stretch  west  to  the  lower  Mississippi, 
we  find  rich  soil  that  will  raise  a  va¬ 
riety  of  crops.  Here  grow  corn, 
wheat,  oats,  peanuts,  sugar  cane, 
rice,  fruit,  and  garden  stuff,  but  a 
product  grown  far  in  excess  of  all 
these  is  cotton.  So  much  has  the  eco¬ 
nomic  life  of  the  South  centered 
around  it,  that  it  has  been  called 
King  Cotton. 

This  is  a  warm,  moist  region  with 
soil  much  like  that  in  the  Corn  Belt. 
Cotton  does  not  require  so  much  ni¬ 
trogen  as  com,  but  it  does  need  more 
heat.  The  seeds  are  planted  in  four- 
foot  rows  to  allow  for  cultivation. 
Five  or  six  seeds  are  dropped  from  a 
planter  in  groups  not  more  than  a 
foot  apart.  Planting  takes  place  from 
March  until  May,  depending  upon 
location.  The  white  bolls,  or  fruit, 
open  and  are  ready  to  be  picked  in 
about  four  months.  Especial  care 
has  to  be  taken  in  cultivation  to  keep 
the  soil  around  the  roots,  and  to  cul¬ 
tivate  in  such  a  direction  as  to  pre¬ 
vent  leaching,  or  the  washing  away 
of  mineral  substances  in  the  soil. 

For  many  years  the  only  part  of 
the  cotton  plant  used  was  the  long 
fiber  which  clings  to  the  seeds,  and 
which  is  spun  and  woven  into  many 
grades  of  cloth.  The  great  mass  of 
cotton  seeds  which  were  separated 
from  the  fiber  by  the  cotton  gin  were 


allowed  to  accumulate  and  rot.  After 
a  time  it  was  found  that  the  seed 
could  be  used  as  fertilizer.  Now  oil 
is  pressed  from  them  for  use  in 
cooking  and  in  soaps.  The  residue 
forms  a  meal  which  is  fed  to  cattle. 

During  both  World  Wars  cotton 
was  in  such  great  demand  that  the 
fuzz  adhering  to  the  seeds  was  liter¬ 
ally  shaved  off  and  used  as  cellulose 
for  explosives.  In  peace  time  the 
linters ,  as  the  fuzz  is  called,  have 
been  manufactured  into  lacquer, 
combs,  paper,  films,  rayon,  and 
other  articles.  The  hulls  of  the  seeds 
from  which  it  is  scraped  are  added 
to  give  bulk  to  cotton-seed  meal. 
They  have  little  food  value.  Chem¬ 
ists  have  converted  the  leaves,  burrs, 
and  stalks  of  the  cotton  plant  into 
alcohol  and  wallboard,  but  these 
products  are  not  yet  commercially 
profitable. 

Peanuts.  A  valuable  southern 
plant  which  grows  at  its  best  in  the 
sandy  soil  of  Alabama,  Georgia, 
North  Carolina,  and  Virginia  is  the 
peanut,  which  produces  a  popular 
food.  In  growth  it  is  surprisingly  dif¬ 
ferent  from  other  fruits  called  nuts, 
for  these  seed  pods  grow  like  garden 
peas  on  a  leguminous  plant  a  foot  or 
two  in  height.  After  the  flower  has 
died,  the  flower  stalk  lengthens  and 
forces  the  immature  seeds  beneath 
the  ground  where  they  develop  into 
tan-colored  seeds  with  their  familiar 
crackly  shell.  From  this  habit  they 
are  called  ground  nuts .  They  have  a 
high  food  value.  A  cooking  oil  is 
pressed  from  them,  and  they  are  also 
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ground  into  peanut  butter.  The 
leaves  make  excellent  cattle  food. 
The  uses  of  the  peanut  seem  limit¬ 
less. 

Gulf  state  fruits  and  vege¬ 
tables.  The  low  borderlands  along 
the  Gulf  of  Mexico  and  practically 
all  of  Florida  have  a  semitropical 
climate  and,  like  southern  Califor¬ 
nia,  grow  an  abundance  of  citrous 
fruits  (lemons,  oranges,  grapefruit) 
and  most  of  the  common  vegetables 
which  are  shipped  in  great  quantities 
to  the  northern  centers  of  population. 

Rice.  Rice,  the  food  which  serves 
one  third  of  the  world  as  its  staff  of 
life,  is  grown  under  irrigation  in  Cal¬ 
ifornia,  Arkansas,  Louisiana,  and 
Texas.  In  appearance  it  looks  like 
our  common  grains,  having  stalks  of 
straw  bearing  kernels  in  a  head.  The 
hulls  of  the  grain  are  made  into  rice 
flakes  and  sausage  casings.  The 
grains  are  sometimes  ground  into  rice 
flour,  but  are  usually  cooked  whole. 

Fruit  farms.  In  the  old  days 
every  farmer  had  his  apple  orchard. 
Surplus  apples  that  the  farmer  and 
his  family  did  not  eat  or  turn  into 
vinegar  or  apple  butter  were  sent  to 
market,  if  there  was  a  market  for 
them.  Today  fruit  farmers  devote 
themselves  to  fruit.  As  a  result  of 
fruit  study  by  the  growers  and  by  the 
government  stations,  we  have  more 
and  finer  fruits.  New  varieties  and 
new  methods  of  culture  are  de¬ 
veloped  for  each  fruit  section.  Cer¬ 
tain  varieties  of  apple  are  suited  to 
New  York  State,  others  to  Virginia, 
and  still  others  to  Washington  and 


Oregon.  One  type  of  peach  grows 
best  in  Delaware,  another  in  Califor¬ 
nia,  and  another  in  Georgia.  So 
grapes,  oranges,  and  berries  espe¬ 
cially  suited  for  each  fruit  region 
have  been  produced  by  intensive  sci¬ 
entific  study.  We  have  already 
studied  some  of  the  laws  of  science 
that  enable  us  to  originate  entirely 
new  varieties. 

Wheat.  The  cereal  food  upon 
which  Americans  rely  to  the  greatest 
extent  is  wheat.  Its  growth  is  widely 
distributed  over  the  United  States. 
In  the  southern  states  it  is  planted  in 
the  fall  and  gets  a  start  of  several 
inches,  then  remains  dormant  during 
the  colder  months.  In  the  Dakotas 
and  Minnesota,  where  the  roots 
would  be  winter-killed,  wheat  is  not 
planted  until  spring.  Spring  wheat, 
or  hard  wheat,  contains  more  gluten 
than  winter  wheat  and  is  preferable 
for  a  bread  flour.  The  softer  types, 
or  winter  wheat,  make  the  best 
pastry  flour. 

In  general,  wheat  needs  a  rather 
cold  climate  and  not  too  much  nitro¬ 
gen,  as  that  produces  an  overgrowth 
of  straw.  The  land  must  be  well 
drained  and  finely  prepared.  The 
seeds  are  sown  in  drills  four  or  five 
inches  apart.  Commercial  fertilizer 
is  often  applied  by  the  drill  at  the 
same  time.  Wheat  matures  in  from 
three  to  four  months. 

Oats,  rye,  and  barley  also  demand 
a  temperate  climate  for  their  growth. 
Naturally,  with  such  closely  sown 
rows  these  crops  cannot  be  culti¬ 
vated,  but  their  thick  growth  tends 
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to  crowd  out  weeds  and  to  conserve 
moisture. 

Machinery  has  helped  to  open 
new  land.  It  is  in  connection  with 
the  harvesting  of  grains  that  the 
greatest  development  has  come  in 
agricultural  machinery.  Up  to  one 
hundred  years  ago  wheat  was  cut,  as 
in  Biblical  times,  with  a  curved 
blade,  the  sickle,  and  its  later  im¬ 
provements,  the  scythe  and  the 
cradle.  But  in  1834  the  mower,  in¬ 
vented  by  Cyrus  McCormick,  was 
first  put  to  use.  It  could  do  the  work 
of  at  least  ten  men  with  scythes.  A 
mower  is  still  used  in  cutting  hay, 
but  a  reaper,  in  which  a  huge  tray 
for  laying  the  grain  in  swaths  was 
added  to  the  knives,  soon  came  to  be 
used  for  cutting  grains.  In  the  wake 
of  this  machine  men  bound  armfuls 
of  the  grain  in  sheaves  with  withes 
or  strands  of  the  grain  itself.  In  1873 
a  binder  was  invented  which  did  this 
work  with  twine,  and  dropped  the 
bundles  at  intervals  to  be  gathered 
and  stored  for  threshing,  or  to  be 
threshed  at  once  in  the  fields.  On 
small  farms  the  harvesting  and 
threshing  processes  do  not  always 
follow  each  other  immediately,  but 
on  the  great  prairie  farms  either  long 
teams  of  horses  or  tractors  now  haul 
a  combine .  This  harvester  cuts, 
threshes,  and  bags  the  grain,  and  as 
it  moves  forward,  it  scatters  the 
chaff  upon  the  ground  to  be  turned 
under  in  plowing. 

Irrigation.  When  our  advancing 
settlers  reached  western  Kansas  and 
Nebraska,  they  found  that  although 


the  soil  contained  the  necessary 
chemical  elements,  the  rainfall  was 
too  slight  and  uncertain  for  farming. 
The  high  mountains  to  westward 
cause  the  condensation  of  the  mois¬ 
ture  brought  by  the  winds.  On  the 
western  slope  there  is  abundant  rain¬ 
fall.  On  the  east  side  the  descending 
winds  are  warmed  and  retain  what 
moisture  they  have  left.  The  plains 
east  of  the  mountains  and  the  pla¬ 
teaus  between  the  Rockies  on  the  east 
and  the  Cascades  and  Sierras  on  the 
west  are  great  dry  lands. 

When  the  settlers  found  the  land 
too  dry  for  farming,  the  farmers 
abandoned  the  land  to  the  cattle  and 
sheep  raisers  and  moved  on  west¬ 
ward.  On  the  Pacific  slope  they 
found  abundant  rain.  In  Washing¬ 
ton,  Oregon,  and  northern  California 
now  flourish  the  fruits  and  grains  of 
the  temperate  zone,  and  farther 
south,  subtropical  plants.  Winter 
rains  in  the  south  are  supplemented 
by  summer  irrigation  and,  where 
water  can  be  had,  irrigation  has 
opened  up  farm  lands  in  the  drier 
interior  plateaus  and  eastern  slopes. 

Water  is  conveyed  from  its  source 
in  the  mountains  through  canals  or 
through  wooden  troughs  to  the 
ranches  and  orchards.  From  the  main 
canals  smaller  ones  branch  out  into 
ditches  that  go  to  each  man’s  holding. 
From  these  ditches,  by  means  of 
movable  dams,  the  farmer  may  flood 
his  fields  at  will,  or  allow  the  water 
to  run  in  furrows  between  the  rows  of 
plants  or  trees.  The  Federal  govern¬ 
ment  has  aided  in  bringing  many 


acres  of  desert  under  cultivation,  and 
by  building  such  structures  as  the 
Hoover  Dam  in  the  Black  Canyon 
between  Arizona  and  Nevada,  and 
the  Roosevelt  Dam  on  the  Salt  River 
in  Arizona. 

Dry  farming.  Even  irrigation  is 
impossible  in  much  of  the  western 
prairie  land  and  farmers  there  have 
resorted  to  another  method  of  obtain¬ 
ing  moisture.  They  plow  the  ground 
deeply,  harrow  it  well  in  the  fall,  and 
leave  it  in  small  furrows  running  at 
right  angles  to  the  usual  direction  of 
the  wind.  These  furrows  catch  and 
keep  the  fine  particles  of  soil  from 
blowing  away  and  also  hold  rain  and 
snow  which,  upon  melting,  sinks  into 
the  ground.  The  farmer  sows  as  soon 
after  the  rains  as  he  can  get  upon  the 
land. 

Then  to  conserve  the  moisture  he 
must  be  wise  and  constant  as  to  cul¬ 
tivation  and  allow  no  large  cracks  to 
develop  from  which  moisture  may  es¬ 
cape.  If  the  rainfall  is  too  little  to 
allow  planting,  land  is  kept  fallow; 
that  is,  it  is  plowed  but  unsown,  and 
is  kept  in  mulch  with  loose  soil  on 


( l )  International  Harvester  Company,  (2)  Black 
Star,  (3)  J.  C.  Allen  and  Son 

Machinery  enables  our  farmers  to 
produce  huge  crops.  (1)  The  wheat 
combine  harvests,  threshes,  and  bags 
grain  in  a  single  operation.  (2)  The 
baler  mows  and  bales  alfalfa  hay.  (3) 
The  corn  picker  harvests  corn  and 
simultaneously  loads  the  ears  on  a 
truck 
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top,  to  absorb  enough  water  for  the 
second  year’s  crop.  Alfalfa,  with  its 
deeply  penetrating  roots,  is  the  main 
crop  grown  in  dry  farming.  Sor¬ 
ghums,  which  are  plants  resembling 
sugar  cane  introduced  from  dry  re¬ 
gions  of  Africa,  are  also  being  raised 
successfully  for  grain  and  fodder. 

Swamp  reclamation.  Other 
areas  of  the  country  have  unused 
land  even  more  fertile  than  this  west¬ 
ern  section.  They  are  embodied  in 
the  large  swamps  of  our  southern 
states  and  in  smaller  areas  of  many 
other  places.  Much  land  has  been  re¬ 
claimed  from  the  Everglades  in  Flor¬ 
ida  by  drainage.  Large  ditches  are 
dug  to  carry  off  the  water,  and  then 
the  ground  is  allowed  to  dry  out.  The 
decaying  swamp  plants  form  a  rich 
food  for  the  useful  plants  which  are 
to  be  cultivated. 

Sugar  beets.  In  addition  to  the 
crops  already  mentioned,  many 
sugar  beets  are  raised,  especially  in 
Michigan  and  on  irrigated  land  in 
Colorado,  Utah,  and  California.  The 
pulp  left  after  extracting  the  sugar 
from  the  beet  root,  together  with  the 
leaves,  can  be  used  as  food  for  cattle. 
Though  we  produce  about  three 
times  as  much  beet  sugar  as  cane 
sugar,  the  amount  of  both  grown 
within  the  United  States  supplies 
less  than  one  half  of  what  we  con¬ 
sume  annually. 

Flax.  The  Dakotas,  Minnesota, 
and  Montana  grow  practically  all  the 
flax  produced  in  this  country.  It  is 
grown  here  only  for  the  seed  from 
which  is  exti acted  the  oil,  an  essen¬ 


tial  ingredient  in  paints.  As  with  cot¬ 
ton  seed,  the  cake  which  remains 
after  the  removal  of  the  oil  is  used 
for  cattle  feed.  In  the  Old  World, 
linen  is  the  chief  product  of  flax  and 
is  procured  from  the  long  fibers  run¬ 
ning  inside  the  covering  of  the  flax 
stem,  but  with  us  the  labor  cost  of 
preparing  the  fibers  for  spinning  is 
so  great  that  our  manufacturers  can¬ 
not  compete  with  those  of  Russia 
and  India. 

Railroads  and  the  farms.  The 

rapid  settlement  on  our  western  farm 
lands,  the  development  of  the  large 
meat-packing  centers  in  Chicago, 
Kansas  City,  and  other  cities  near  the 
cattle  ranges,  and  the  wide  distribu¬ 
tion  of  manufacturing  all  depend 
upon  the  railroads.  If  widely  sepa¬ 
rated  parts  of  the  country  were  not 
united  by  lines  of  transportation, 
there  would  be  no  market  in  the  north 
for  the  perishable  southern  foods  ex¬ 
cept  what  could  be  carried  by  boat; 
and  similarly  the  sale  of  western 
beef  would  be  much  reduced  if  it 
could  not  be  delivered  quickly  in 
refrigerated  cars. 

One  type  of  invention  leads  to  an¬ 
other,  and  most  of  our  factories, 
aside  from  those  depending  upon  our 
mineral  resources,  depend  upon  the 
farmer  in  this  and  in  other  countries 
for  their  raw  materials. 

Government  aids.  The  United 
States  Department  of  Agriculture 
and  nearly  all  the  states  support  ex¬ 
perimental  bureaus  where  scientists 
are  constantly  studying  how  to  keep 
the  soil  in  a  high  state  of  fertility, 
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how  to  improve  and  increase  crops, 
and  how  to  rid  plants  of  insect  and 
animal  pests  and  diseases.  They  in¬ 
troduce  new  plants  from  foreign 
lands  and  originate  others. 

Scientific  study  of  heredity  has 
been  one  of  the  greatest  helps  in  the 
increase  of  production.  The  discov¬ 
eries  of  Mendel  and  De  Vries  have 
led  to  the  production  of  new  varieties 
and  improvement  in  the  old.  Chap¬ 
ter  Forty-six  on  “How  New  Kinds 
Arise”  shows  how  new  kinds  of 
wheat,  produced  by  crossing,  ex¬ 
tended  wheat  growing  into  the  Cana¬ 
dian  Northwest.  Other  experiments 
have  given  us  drought-resistant  and 
disease-resistant  wheat.  Corn  and 
other  grains  have  been  improved  in 
like  measure.  New  citrous  fruits  for 
Florida  and  California  have  been 
produced  by  crossing  and  selection. 
Apples,  peaches,  berries,  and  other 
fruits  have  been  produced  for  cooler 
regions.  Vegetable  crops  have  been 
fitted  to  every  soil  and  climate  from 
the  Rio  Grande  to  the  edge  of  the 
Arctic.  Nations  with  tropical  lands 
have  been  equally  active  in  produc¬ 
ing  superior  varieties  of  bananas, 
sugar,  coffee,  quinine,  rubber,  and 
other  tropical  products. 

Animals,  too,  have  been  improved. 
The  Bureau  of  Animal  Industry  of 
the  United  States  Department  of  Ag¬ 
riculture  studies  the  production  of 
new  and  better  breeds,  feeding,  care, 
and  protection  from  disease.  Cattle, 
sheep,  hogs,  and  poultry  of  finer 
breeds  have  gradually  replaced 
scrub  stock. 


Among  the  most  important  im¬ 
provements  has  been  the  production 
of  varieties  of  both  plants  and  ani¬ 
mals  that  resist  attacks  of  disease. 
Now  scientists  are  busy  in  experi¬ 
ment  stations  developing  varieties 
that  are  not  attacked  by  insects. 

Agricultural  explorers  from  the 
Department  of  Agriculture  send 
home  seeds  and  plants  to  be  tried  out 
in  various  sections  of  the  country. 
Durum,  a  hard  wheat,  has  been  in¬ 
troduced  from  Europe.  This  wheat  is 
largely  used  for  making  macaroni 
and  is  now  grown  in  great  quantities 
in  the  comparatively  dry  regions  of 
the  northwest.  It  is  especially 
adapted  to  growing  in  a  dry  climate. 
Seedless  oranges  were  developed 
from  slips  brought  to  the  United 
States  from  Brazil. 

One  of  the  most  valuable  services 
of  government  and  university  scien¬ 
tists  has  been  the  study  of  insect  and 
disease  control.  It  has  been  necessary 
to  study  the  life  histories  of  insects 
and  injurious  organisms,  the  plants 
and  animals  that  aid  them  and  those 
that  destroy  them,  the  conditions  of 
weather  and  farming  that  aid  them 
and  those  that  hinder.  Sprays  that 
protect  the  crops  have  been  devel¬ 
oped  for  many  fruits  and  vegetables. 
Methods  have  been  found  for  dip¬ 
ping  animals  in  solutions  to  destroy 
insects  that  carry  disease.  At  the  bor¬ 
ders  of  the  United  States,  and  at  the 
ports,  officers  are  stationed  to  inspect 
plants  and  animals  brought  to  the 
country  to  see  that  they  are  free  from 
disease  and  harmful  insects.  At 


times  all  importation  of  certain 
kinds  of  plants  and  animals  has  been 
prohibited  by  embargo. 

Information  on  farm  problems  is 
available  for  the  asking  in  publica- 
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Dipping  sheep  to  kill  ticks  that  carry 
disease.  The  men  use  poles  to  push 
the  heads  of  the  sheep  under  the  solu¬ 
tion.  The  farmer  dusts  his  potato 
crop  to  destroy  the  potato  beetles 


tions  of  the  state  institutions  and  of 
the  United  States  Department  of  Ag¬ 
riculture.  Timely  advice  to  farmers 
based  on  these  reports  is  given  over 
the  radio.  It  is  due  to  such  experi¬ 
ments  and  to  study  of  methods  in 
other  parts  of  the  world  that  land 
otherwise  useless  to  man  has  been 
made  to  produce  good  crops. 


Questions  to 

1.  Why  do  weeds  and  some  other 
wild  plants  harm  the  farmer?  Can  you 
mention  some  wild  animals  that  aid  the 
farmer  ? 

2.  What  wild  animals  are  helpful  to 
the  farmer  and  gardner?  How? 

3.  Why  are  seeds  so  largely  used  as 
food  by  man  and  lower  animals,  includ¬ 
ing  birds  and  insects? 


Think  Out 

4.  Name  some  important  foods  for 
man  and  his  domestic  animals  that  are 
obtained  from:  seeds,  roots,  stems, 
buds,  leaves,  flowers. 

5.  On  a  map  of  the  United  States 
show  by  coloring:  the  original  grass  re¬ 
gions,  the  regions  originally  forested 
that  have  been  changed  to  farms  and 
grass,  the  remaining  forest  areas. 
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Chapter  Fifty- 

Trees  and  Forests 


Trees  for  beauty.  Most  people 
admire  trees.  A  new  house  in  the  sub¬ 
urbs  is  hardly  completed  before 
shade  trees  are  planted.  The  popu¬ 
larity  of  the  parks  with  their  trees 
shows  how  city  people  enjoy  such 
trees  as  are  spared  them.  There  are 
some  people,  however,  to  whom  the 
beauty  of  trees  appeals  so  little  that 
they  deface  them  with  signs  or  ruth¬ 
lessly  break  branches. 

Trees  have  a  hard  time  along  a 
street.  Pavements  shut  off  rain  sup¬ 
ply  and  air  for  their  roots.  Gas  from 
leaking  pipes  poisons  them.  Careless 
truck  drivers  injure  their  trunks. 
Caterpillars  and  other  insects  feed 
upon  them.  Tree  trimmers  butcher 
them  and  leave  great  wounds  for  bac¬ 
teria  and  fungi  to  infect.  We  cannot 
protect  our  street  trees  from  all  these 
abuses,  but  we  can  relieve  them  from 
some  of  them. 

What  trees  are  suitable  for  the 
street?  Get  a  book  about  trees  from 
the  library  and  learn  the  names  of 
the  trees  along  your  streets.  It  is  not 
difficult.  Then  note  those  that  do  best 
and  those  that  suffer  from  the  hard¬ 
ships  of  city  life.  Elms  were  favor¬ 
ites  in  our  older  towns  and  suburbs. 
The  variety  of  sycamore  known  as 
“Oriental  plane”  is  a  favorite  in 
many  cities  because  of  its  resistance 
to  abuse.  Red  and  scarlet  oaks  are 
fine  sturdy  trees,  though  of  compara¬ 


tively  slow  growth.  They  are  rather 
resistant  to  many  insects.  In  many 
real-estate  developments  Lombardy 
poplars  and  Carolina  poplars  (cot¬ 
tonwood)  are  used  because  of  their 
rapid  growth.  The  roots  of  these  pop¬ 
lars,  however,  so  persistently  force 
their  way  into  water  pipes  that  they 
are  prohibited  in  some  communities. 

Caring  for  a  tree.  It  is  as  im¬ 
portant  for  trees  as  for  children  to 
get  a  good  start  in  life.  Water,  fer¬ 
tilizer,  and  broken  soil  for  the  roots 
help  the  young  tree  along.  When  a 
tree  is  dug  up  from  its  place  in  the 
earth  for  transplanting  to  a  place 
along  the  street,  many  of  its  roots  are 
cut.  It  is  therefore  necessary  to  trim 
its  branches  down  proportionately, 
to  prevent  too  great  an  evaporating 
surface.  After  this  initial  trimming, 
the  less  trimming  it  receives  the  bet¬ 
ter  for  the  tree.  Occasionally  a  tree 
may  take  an  undesirable  shape  and 
need  reshaping.  If  a  branch  tries  to 
come  into  the  window  or  takes  the 
hats  off  passers-by,  it  must  be 
trimmed.  Unnecessary  trimming 
may  result  in  an  unsightly  tree 
throughout  the  leafless  season,  the 
greater  part  of  the  year.  When  a 
large  limb  is  cut  off,  the  wound 
should  receive  a  coat  of  paint  to  pre¬ 
vent  the  entrance  of  wood-rot  fungi. 
Smaller  wounds  should  not  be 
painted,  for  experiments  show  that 
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Elms  provide  shade  for  the  streets  of 
Montpelier,  Vermont.  The  trees  in  a 
large  city  do  not  fare  as  well.  Here  the 
tree  surgeon  hollows  out  diseased 
areas  in  the  trunk.  He  then  fills  the 
cavities  with  cement  to  protect  the 
tree  from  further  decay 


wounds  heal  better  and  faster  when 
not  painted.  In  many  cities  the  own¬ 
ers  of  properties  having  trees  grow¬ 
ing  along  the  street  are  not  at  liberty 
to  trim  or  remove  them.  Departments 
of  the  city  government  employ  tree 
experts  to  care  for  the  trees. 

The  value  of  the  forests.  You 
could  easily  write  a  long  list  of  prod¬ 
ucts  that  the  forest  yields,  from  heavy 
beams  to  alcohols  and  “silk” 
dresses.  But  the  forest  is  valuable  in 
other  ways.  Water-power  companies 
spend  millions  of  dollars  maintain¬ 
ing  forests  in  their  watersheds.  When 
rain  falls  on  unforested  lands,  much 
of  it  immediately  runs  off.  When 
rain  falls  in  a  forest,  much  of  the 
fallen  rain  soaks  into  the  spongy  for¬ 
est  soil.  Measurement  has  shown  that 
the  run-off  is  twenty-eight  times  as 
great  in  open  fields  as  in  the  forest. 
Floods  are  bad  for  the  water  com¬ 
panies.  Too  much  water  rushing 
down  the  streams  means  loss.  Forests 
let  the  water  out  more  slowly  through 
springs  and  brooks.  They  tend  to 
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save  young  trees 


The  undergrowth  has  been  cleared  out  of  this  pine  forest  to 


stabilize  the  water  supply,  reducing 
both  floods  and  droughts. 

Seventeen  million  acres  of  farm 
lands  of  the  United  States  have  been 
destroyed  by  fallen  rain,  according 
to  estimates  by  the  Department  of 
Agriculture.  Thousands  of  acres  of 
fertile  topsoil  are  carried  away  each 
year  from  the  fields  and  hillsides. 
Once  gone,  this  soil  cannot  be  re¬ 
placed.  No  crops  can  grow  on  the 
land.  Keeping  forests  on  the  steep 
hills  which  are  unfit  for  farming  is 
an  important  measure  in  saving  the 
soil. 

Soil  and  gravel  carried  away  from 
the  hillsides  are  dropped  by  the  rush¬ 
ing  waters  in  the  lower  lands,  cover¬ 
ing  up  fertile  soil  and  blocking 
stream  channels.  Forests  on  high 
hills  and  on  steep  sides  are  our 
first  line  of  defense  against  such 
destruction. 

Destroying  the  forest.  We  are 

destroying  the  forests  of  America 


six  times  as  fast  as  they  grow.  A  large 
part  of  the  timber  cut  is  utter  waste. 
We  use  less  than  50  per  cent  of  the 
wood  cut,  though  four  fifths  of  the 
waste  is  good  timber.  In  many  cases 
the  American  lumberman  has  made 
reckless  use  of  the  forest. 

Trees  are  broken,  wasted,  and  left. 
Young  trees  are  torn  out  of  the  way. 
Fire  often  follows  among  the  dead 
trees  and  branches.  Seedling  trees 
are  killed.  The  valuable  humus  is 
burned.  Rain  carries  the  soil  from 
the  hills  leaving  the  bare  rocks,  then 
nothing  can  grow. 

Six  million  acres  of  timber  land 
are  burned  each  year  in  the  United 
States.  Lightning,  careless  campers, 
fires  for  burning  brush  in  the  clear¬ 
ing  of  land,  cigar  stumps  tossed 
aside,  sparks  from  locomotives  are 
among  the  causes  of  forest  fires.  The 
Forestry  Service  estimated  that  in 
one  year  twenty  dollars  were  spent 
each  minute  in  the  summer  months 
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in  fighting  and  preventing  fires  in  the 
National  Forests  alone. 

There  are  many  other  enemies  of 
our  forests.  Insects,  diseases  of  trees, 
and  grazing  stock  destroy  forests. 
The  gypsy  moth  has  destroyed  large 
areas  in  New  England.  Pine-bark 
beetles  threaten  forests  in  the  West. 
The  chestnut-bark  disease  wiped  out 
the  chestnuts  east  of  the  Appala¬ 
chians.  The  white-pine  blister  rust 
threatens  to  destroy  the  white  pine 
in  the  East  and  the  West. 

Saving  the  forests.  New  trees 
must  rise  to  replace  those  cut.  Seed 
trees  left  standing  in  groups  will  re¬ 
seed  the  land  around  them.  Strips 
cut  through  the  forest  are  soon  closed 
up  again  with  new  trees.  To  save  the 
forest  when  lumber  is  cut,  some 
method  should  be  followed  which 
will  supply  new  seed.  Over  large 
areas  of  waste  land  in  many  states, 
forestry  departments  and  private 
owners  are  setting  out  new  trees 
grown  in  nurseries.  It  is  much  less 
expensive  to  let  nature  reseed  the 
ground  by  leaving  some  trees  when 
the  forest  is  cut.  Patrols  and  lookouts 
in  towers  watch  our  forest  in  many 
states  and  in  the  National  Forests  to 
catch  the  first  glimpse  of  fire.  Trails 
are  kept  open  through  which  men  and 
apparatus  can  be  rushed  in  to  stop 
fires  before  they  get  too  well  started. 

Scientists  employed  by  state  and 
National  governments  and  by  univer¬ 
sities  are  constantly  studying  the 
lives  of  insects  and  the  diseases  of 
forest  trees,  and  developing  methods 
of  control.  How  trees  grow  in  a  for¬ 


est,  what  types  of  trees  are  adapted 
to  various  soils  and  markets,  how  to 
remove  the  trees  and  keep  new 
growth  coming  on,  how  to  reforest 
devastated  land  are  some  of  the  for¬ 
estry  problems  that  are  engaging  the 
minds  of  scientists. 

Fun  in  the  forest.  Thousands 
of  people  each  year  visit  the  national 
and  state  forests  for  recreation.  Fish¬ 
ing,  hunting,  hiking,  and  just  living 
out-of-doors  are  valuable  aids  to  the 
health  of  our  people.  Educating  the 
people  who  visit  the  forests  to  take 
care  of  the  forests  is  one  of  the  prob¬ 
lems  of  forest  control.  Here  are  a 
few  things  to  do  when  you  go  out  to 
enjoy  the  forest: 

Cut  no  living  tree.  Use  dead  wood 
for  firewood.  Of  course,  there  are 
regions  where  a  few  trees  would  not 
be  missed,  but  few  city  people  get 
into  such  regions.  Make  it  a  rule  to 
cut  no  living  tree. 

In  making  a  camp  fire,  clean  away 
the  dead  leaves  and  branches  first. 
Put  out  your  fire  with  water  before 
you  leave. 

Bury  or  burn  all  rubbish  and 
wastes.  Bury  your  old  tin  cans.  Keep 
your  camp  and  the  woods  sanitary. 
Keep  springs  and  streams  unpol¬ 
luted. 

Do  not  pull  up  wild  flowers  and 
break  shrubs.  The  forest  is  less  at¬ 
tractive  without  them. 

Help  forest  rangers  and  police  to 
keep  the  forest  the  way  you  would 
like  to  find  it. 

Using  wood.  For  many  purposes 
wood  is  the  most  useful  material 
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The  forest  ranger  lays  his  campfire  in  the  center  of  a  circle,  5  feet  in  diam¬ 
eter,  which  has  been  cleared  of  all  inflammable  material 


available  and  the  most  beautiful. 
The  grain  and  colors  of  woods  have 
a  beauty  different  from  manufac¬ 
tured  substances.  Weight,  flexibility, 
degree  of  rigidity,  and  endurance 
under  proper  treatment  are  other 
qualities  that  make  wood  valued  for 
its  purposes  above  all  other  materi¬ 
als.  Wood  also  is  converted  by  the 
chemist  into  a  variety  of  substances. 

For  use  as  lumber,  wood  must  be 
seasoned.  As  a  living  tree,  wood  is 
saturated  with  sap  which  may  be  nine 
tenths  water.  As  the  sap  dries  out 
cells  and  fibers  shrink,  and  the  wood 
may  bend  and  crack.  The  damage 
may  be  controlled  by  proper  drying. 
The  lumber  may  be  stacked  so  that 
the  air  may  circulate  through  the 
pile.  More  often  the  lumber  is  dried 
rapidly  in  kilns  or  drying  ovens. 

Quartered  lumber  has  a  beauty 
and  strength  superior  to  common  or 


slash-sawed  lumber.  Quarter  sawing 
exposes  the  pith  rays  as  broad 
patches,  adding  much  to  the  beauty 
of  the  wood.  Such  wood  is  less  liable 
to  check  and  warp  because  it  has  less 
sap  wood  and  because  the  fibers  and 
rays  run  more  nearly  straight 
through  the  board.  Veneering  is  used 
for  beauty,  strength,  and  lightness. 
A  veneer  is  a  thin  slice  cut  from  a 
log.  The  slices  are  dried  and  flat¬ 
tened  under  pressure.  They  are  then 
glued  as  a  beautiful  surface  to  more 
common  wood,  or  they  are  glued 
together  in  layers  for  strength  and 
rigidity,  forming  plywood. 

Most  houses  in  the  United  States 
are  built  of  wood.  It  has  many  ad¬ 
vantages  over  other  material.  Chief 
of  these  advantages  are  cheapness, 
availability,  and  ease  of  working. 
Wood  houses  are  drier  than  houses 
of  stone  or  brick. 
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Chapter  Fifty-one 

Some  More  Products  from  Field 
and  Forest 


Man’s  hunt  for  his  clothes. 

Since  a  cave  man  first  threw  a  rein¬ 
deer  skin  over  his  shoulder  to  shut 
out  the  glacial  storms,  man  has  bus¬ 
ily  searched  for  other  and  better 
clothing.  In  the  New  Stone  Age  men 
— or  women — spun  wool  into  thread 
to  weave  and  sew.  Many  savage  peo¬ 
ple  used  fibers  from  plants  to  make 
bark  cloth.  If  you  will  break  the 


stems  of  weeds  and  bushes,  you  will 
find  that  many  have  long,  coarse 
fibers.  Making  clothes  was  a  slow 
and  costly  process  until  the  inven¬ 
tions  of  the  nineteenth  century — the 
spinning  jenny,  then  the  power  loom. 
The  steam  engines  coupled  to  these 
machines  and  to  others  first  made 
clothing  cheaper  and  more  plenti¬ 
ful. 


Spinning  rayon.  Dis¬ 


solved  cellulose  is 
forced  through  holes 
in  a  spinneret  (be¬ 
low)  ,  and  out  into  an 
acid  bath,  where  it 
hardens  into  fila¬ 
ments.  Machine  at 
right  twists  filaments 
into  thread 
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Since  Egyptian  days  flax  has  fur¬ 
nished  people  with  threads  for  mak¬ 
ing  cloth.  Linen  is  made  from  the 
fibers  of  the  inner  bark.  The  soft 
parts  are  rotted,  or  retted,  by  soak¬ 
ing  the  stems  in  ponds  or  exposing 
them  to  the  dew  so  that  bacteria  may 
eat  away  the  nutritious  parts.  The 
woody  parts  are  then  broken  and  the 
fibers  combed  out  by  machinery. 

Cotton  fibers  were  nature’s  idea 
for  scattering  cotton  seeds  abroad. 
You  have  probably  seen  similar 
hairs  on  milkweed  seeds.  You  could 
not  spin  milkweek-seed  hairs,  how¬ 
ever,  for  the  straight  hairs  would 
pull  apart.  Cotton  hairs  are  twisted 
in  a  way  that  makes  them  cling  to¬ 
gether.  Cotton  may  be  treated  chem¬ 
ically  to  give  it  the  appearance  of 
silk  or  of  wool,  but  the  resemblance 
is  in  appearance  only. 

The  length  of  a  cotton  hair  varies 
from  f  of  an  inch  to  2  inches,  de¬ 
pending  upon  the  variety  of  cotton. 
So  great  is  the  demand  for  cotton 
that  its  culture  is  spreading  into  new 
lands  of  America,  Asia,  and  Africa. 
Science  is  producing  new  varieties 
of  cotton  to  suit  the  new  regions. 

Many  animal  fibers  have  been 
used  to  make  yarns.  Goat  hair  makes 
coarse  yams  for  blankets  and  car¬ 
pets.  Alpaca,  llama,  and  camel  wools 
make  clothes  and  blankets.  Furs,  the 
soft  fibers  closer  to  the  skin  under¬ 
neath  the  hairs,  can  be  beaten  and 
matted  together  to  make  felt.  Rab¬ 
bit  fur  supplies  much  of  the  material 
for  felt  hats.  Certain  plant  fibers  are 
now  also  made  into  felt. 


Wool  from  sheep  is  by  far  the 
most  valuable  animal  fiber  today.  Its 
warmth  enables  sheep  to  live  com¬ 
fortably  amid  snow  and  ice.  For  use 
in  clothing,  the  wool  is  first  scoured 
and  freed  from  its  natural  grease 
and  dirt.  Then  it  is  spun  into  thread 
and  woven  into  cloth.  In  clothing  to¬ 
day  wool  is  often  mixed  with  cotton 
or  other  fibers,  and  wool  taken  from 
old  clothes  is  often  mixed  with  new, 
or  “virgin,”  wool. 

Silk  is  formed  by  many  kinds  of 
insects.  It  is  secreted  by  glands  and 
issues  as  a  liquid  that  hardens  on 
contact  with  the  air.  To  the  silkworm 
it  is  the  material  of  its  home,  or 
cocoon,  in  which  it  changes  from  a 
“worm”  into  a  moth.  The  cocoon  is 
plunged  into  hot  water  just  before  it 
would  naturally  hatch,  for  the  moth 
in  emerging  would  cut  the  fibers.  Silk 
is  unwound  from  the  cocoon. 

Clothing  made  by  the  chemist. 
Silk  is  so  expensive  that  many  who 
formerly  wanted  to  be  clothed  in  silk 
were  forced  to  be  content  with  cotton. 
Nowadays  poor  folk  may  have  all 
the  joy  they  can  get  out  of  wearing 
clothes  that  look  like  silk  and  feel 
like  silk,  and  for  most  purposes  are 
just  as  good  as  silk.  They  do  not  wear 
long,  but  they  may  be  replaced 
cheaply.  Rayon,  celanese,  and  other 
names  are  used  for  these  man-made 
silks.  They  are  made  from  cellulose, 
the  substance  of  the  walls  of  plant 
cells.  Cotton  or  wood  is  used  as  the 
raw  material.  Cotton  is  pure  cellu¬ 
lose.  Wood  is  cellulose  with  harden¬ 
ing  materials  that  support  the  tree. 
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Most  rayon  is  made  from  wood  cellu¬ 
lose.  The  hardening  material  is  re¬ 
moved  from  the  wood,  and  then  the 
cellulose  is  dissolved.  The  solution  is 
forced  through  fine  holes  and  hard¬ 
ened  into  fine  threads. 

Nylon  has  been  the  aristocrat 
among  synthetic  (built  up)  fibers. 
Nylon  is  built  from  the  common  sub¬ 
stances  coal,  water,  and  air.  For 
many  purposes  it  is  better  than  silk. 
It  is  tougher,  more  elastic,  and  ab¬ 
sorbs  water  more  slowly.  Heavy 
fibers  of  nylon  are  used  in  brushes  in 
place  of  hog  bristles. 

Vinyon  is  used  to  make  rain  coats 
and  fish  nets. 

Lanital  is  a  substitute  for  wool 
made  from  casein,  a  protein  of 
milk.  This  is  the  protein  that  makes 
cheese  “Aralac”  is  lanital. 

Clothes  for  the  season.  There 
is  science  behind  the  season’s 
clothes.  The  several  scientific  prin¬ 
ciples  that  we  learned  in  studying 
heat  help  us  to  understand  why  wool 
keeps  us  warm  and  why  cotton  and 
linen  are  cooler,  why  it  is  wise  to 
wear  light-colored  clothes  in  sum¬ 
mer  and  dark-colored  clothes  in 
winter. 

Wool  imprisons  air,  and  air  is  a 
poor  conductor  of  heat.  Wool,  there¬ 
fore,  is  warm.  Several  thin  layers  of 
wool  blankets  are  warmer  than  one 
thick  layer  of  the  same  weight.  Even 
several  layers  of  newspaper  between 
your  blankets  or  under  your  sweater 
keep  you  warm  because  of  the  im¬ 
prisoned  air.  Air  does  not  readily 
conduct  away  the  heat  of  the  body. 


If  you  have  ever  fallen  overboard 
or  have  been  rain-soaked  in  wool 
clothes  and  again  in  cotton,  you 
know  that  wool  dries  more  slowly. 
You  also  have  noticed  that  wet  wool 
is  much  warmer  next  to  your  skin 
than  wet  cotton.  A  wet  woolen  bath¬ 
ing  suit  is  warmer  than  one  of  cotton. 
Wool  holds  water  better  than  cotton. 
Wool  therefore  reduces  evaporation. 
Evaporation  takes  heat  from  the 
body.  After  exercise  an  athlete  pulls 
on  a  wool  sweater  or  wraps  himself 
in  a  wool  blanket  to  reduce  evapora¬ 
tion  and  prevent  chilling  of  the  body. 
For  the  same  reason  the  iceman 

I 

wears  a  wool  shirt  even  in  summer. 

A  cake  of  ice  carried  on  the  shoulder 
covered  with  wool  is  less  dangerous 
to  health. 

The  science  of  summer  clothes  in¬ 
volves  the  same  principles  of  heat 
and  evaporation.  Cotton  and  linen  do 
not  retain  so  much  air  as  wool,  and 
are  therefore  cooler.  They  absorb 
moisture  readily  from  the  skin  and 
as  readily  allow  it  to  evaporate  into 
the  air.  Evaporation  of  perspiration 
is  one  of  nature’s  methods  of  keep¬ 
ing  down  our  temperature. 

Color  also  is  important.  Light- 
colored  clothes  are  cooler  than  dark, 
because  they  absorb  less  radiant  en¬ 
ergy.  White  or  tan  shoes  are  cooler 
than  black.  White  clothes  are  the 
white  man’s  dress  in  the  tropics. 

How  to  tell  the  fibers.  The  pic¬ 
tures  opposite  show  how  various 
fibers  look  under  the  microscope. 
Experiment  133  shows  some  tests  to 
distinguish  the  fibers. 


( 1 )  ( 2 )  (3)  (4)  Hugh  Spencer,  (5)  (6)  Black  Star 


Photomicrographs  of  textile  fibers.  (1)  flax,  (2)  silk,  (3)  cotton,  (4)  wool, 
(5)  is  an  artificial  acetate  fiber  contrasted  with  (6)  a  cotton  fiber  greatly 
magnified 
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Various  substances  are  used  as 
adulterants  in  clothing  materials.  A 
garment  may  lose  its  shape  in  the 
first  laundering  because  the  starch  is 
washed  out.  Silk  is  often  artificially 
weighted  with  clay  and  metals  be¬ 
cause  silk  that  is  naturally  heavy  is 
expensive.  The  chemist  has  tests  to 
detect  such  adulterants. 

Fibers  for  twine  and  rope. 
The  world  is  being  systematically 
searched  for  fibers  for  twine,  rope, 
and  fiber  board.  The  explorers  from 
the  United  States  Department  of 
Agriculture  are  in  every  climate. 
Hemp  is  the  dependable  staple  for 
good  rope.  It  comes,  like  linen,  from 
the  inner  bark  of  a  plant.  Hemp  is 
grown  in  Kentucky  and  Indiana,  but 
most  of  our  supply  is  imported.  Jute 
is  a  coarser  fiber  used  in  bagging  and 
burlap  and  carpets;  it  comes  chiefly 
from  India. 

Other  fibers  are  the  vascular  bun¬ 
dles,  like  the  strings  in  celery  and 
corn.  Sisal  is  such  a  fiber  from  a 
kind  of  century  plant  that  grows  in 
Mexico.  Sisal  has  gone  around  the 
world  as  “binder  twine”  with 
American  farm  machinery.  “Manila 
hemp”  from  a  species  of  banana  is 
one  of  the  chief  exports  of  the  Philip¬ 
pines.  It  is  used  in  making  rope. 

Paper.  Paper  is  one  of  the  foun¬ 
dations  of  our  civilization.  Try  to 
imagine  spreading  information  and 
education  without  it.  It  has  a  number 
of  other  uses.  The  United  States  uses 
more  paper  than  any  other  country. 
The  consumption  per  person  is  175 
pounds  a  year.  That  is  equivalent  to 


saying  that  every  one  of  us  uses  his 
weight  in  paper  each  year.  Paper  is 
one  of  our  chief  forest  products. 
Thousands  of  square  miles  of  our 
country  that  once  yielded  lumber 
now  yield  only  pulp  wood.  We  also 
import  large  quantities,  chiefly  from 
Canada. 

The  cellulose  fibers  of  wood  are 
used  for  the  manufacture  of  paper. 
If  you  tear  a  bit  of  blotting  paper 
into  shreds  under  water  and  examine 
the  shreds  under  the  microscope, 
you  will  see  the  fibers.  Wood  is 
ground  to  a  pulp  and  treated  with 
chemical  reagents  (chiefly  com¬ 
pounds  of  lime,  sulfur,  and  soda). 
Gums,  resins,  and  hardening  mate¬ 
rial  are  thus  removed  and  the  fibers 
are  obtained.  The  wet  mass  of  pulp 
flows  over  a  wire  screen.  Water  is 
removed  from  the  fibers  by  suction. 
These  fibers  then  mat  together  into 
a  continuous  sheet  that  is  paper. 

Some  other  plant  products. 
Nature’s  first  aid  to  many  wounded 
trees  and  bushes,  as  well  as  to  some 
herbs,  is  a  gummy  substance  that  is 
exuded  at  the  wound.  Several  of 
these  gums  are  used  in  commerce, 
as  gum  arabic  and  gum  tragacanth. 
Many  shrubs  and  trees  that  grow  on 
the  edge  of  the  desert  in  Asia  and 
Africa  furnish  gums  which  are  col¬ 
lected.  They  are  used  in  mucilage, 
candy,  water  colors,  and  in  stiffening 
fabrics. 

Resins  are  exuded  when  pines  and 
other  evergreens  are  wounded.  The 
rosin  of  commerce  comes  princi¬ 
pally  from  the  long-leaved  pines  of 
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our  southern  states.  Amber  is  a  fossil 
resin  from  ancient  trees.  Since  the 
days  of  the  ancients,  amber  has  been 
sent  from  the  Baltic  regions  to  other 
parts  of  the  world.  Copal  consists  of 
other  hard  resins,  some  of  them  fos¬ 
sil,  which  are  collected  in  Africa, 
New  Zealand,  and  the  Philippines. 
Resins  are  used  largely  in  varnishes. 

Rubber  is  derived  from  a  milky 
juice  secreted  by  a  number  of  plants. 
This  juice,  or  latex,  flows  from  a 
wound  on  the  plant.  The  best  grade 
is  from  the  Brazilian  rubber  tree 
(Hevea),  but  the  chief  supply  has 
come  from  the  cultivated  groves  in 
Malaysia  and  the  East  Indies  to 
which  the  plant  was  taken  from 
Brazil.  So  far  our  supply  of  rubber 
has  come  from  the  tropics,  but  the 
Brazilian  rubber  tree  is  now  culti¬ 
vated  in  Florida.  Science  and  indus¬ 
try  are  now  studying  temperate-zone 
plants,  among  them  species  of  gold- 
enrod  and  the  Mexican  and  Texan 
shrub  guayule  (pronounced  gwa- 
yoo'la)  and  Russian  dandelion  as 
sources  of  rubber. 

At  some  time  when  you  have  had  a 
cold  you  have  probably  used  sooth¬ 
ing  oils  on  the  mucous  membranes 
of  your  nose  and  throat.  These  light 
oils  are  often  sweet-smelling  or  have 
a  “medicinal”  odor.  They  are  called 
essential  oils  because  they  bear  the 
essence  or  odor  of  the  plant,  or  vola¬ 
tile  oils  because  they  evaporate  read¬ 
ily.  The  essential  oils  are  obtained 
by  distillation  of  wood,  leaves,  flow¬ 
ers,  seeds,  or  fruit  of  various  plants. 
The  substance  to  be  distilled  is  some¬ 
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times  mixed  with  water  and  distilled 
as  you  learned  water  is  distilled,  or 
it  is  heated  dry  and  distilled  as  illu¬ 
minating  gas  is  distilled  from  coal 
(Experiment  59).  Eucalyptol,  often 
used  on  the  membranes  of  the  nose 
and  throat,  is  from  the  eucalyptus 
tree.  Other  common  essential  oils  are 
cedar,  lemon,  bergamot,  and  rose. 
Perfumes  and  flavorings  use  quanti¬ 
ties  of  various  oils.  If  you  heat 
spruce  needles  in  water,  you  will  de¬ 
tect  the  odor  of  essential  oils.  You 
have  smelled  others  when  you  peeled 
an  orange. 

On  your  hikes  along  a  railroad 
you  probably  have  noticed  ties  and 
poles  treated  with  creosote  to  prevent 
decay.  Heat  some  pine  chips  in  a  test 
tube,  and  you  will  detect  the  same 
odor  as  from  the  ties,  and  wood  tar 
will  collect  on  the  cooler  portions  of 
the  tube.  Turpentine  is  distilled  from 
the  sticky  juice  of  pine  trees,  which 
is  not  a  true  sap.  Rosin  is  left  behind 
when  the  turpentine  is  distilled.  Cam¬ 
phor  is  distilled  from  a  tree  native 
to  Japan  and  China. 

Experiment  132  (Optional) 

Question:  How  can  you  show  the 
value  of  different  clothing  materials? 
Select  pieces  of  cloth,  of  the  same 
weight  and  shade,  of  wool,  cotton,  linen, 
rayon,  and  silk.  Take  five  large  test 
tubes,  tin  cans,  or  other  vessels  of  sim¬ 
ilar  shape  and  size.  Wrap  a  piece  of 
cloth  around  each  and  tie  it.  Fill  each 
vessel  with  the  same  amount  of  hot 
water  at  the  same  temperature.  Put  a 
thermometer  in  each.  Record  the  tem¬ 
perature  of  each  every  ten  minutes  for 
an  hour.  Repeat,  taking  water  from  a 
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pitcher  of  ice  water,  but  without  taking 
any  ice. 

Remove  the  cloths  and  thoroughly 
wet  each  piece.  Squeeze  out  and  lay 
aside  to  dry.  Note  the  rapidity  of  dry¬ 
ing  of  each  kind. 

Experiment  133 

Question:  How  to  test  for  various 
clothing  fibers. 

Materials:  Pieces  of  wool,  silk,  rayon, 
celanese,  cotton,  mixed  goods;  potas¬ 
sium  hydroxide;  hydrochloric  acid;  ni¬ 
tric  acid;  olive  oil;  Bunsen  burner; 
beakers;  glass  rod,  etc.;  microscope 
and  slides. 

Directions:  (a)  Pull  out  a  thread 
from  each  specimen  and  examine  under 
the  microscope.  Compare  with  pictures 
on  page  371. 

( b )  Burn  a  little  bit  of  each.  Animal 
fibers  burn  with  the  odor  of  burning 
feathers.  Plant  fibers  take  fire  more 
quickly,  and  burn  more  rapidly  and 
without  the  odor  of  burning  feathers. 
Rayon  from  wood  pulp  burns  like  cot¬ 
ton.  Celanese  from  cotton  leaves  an  ash 
somewhat  like  the  ash  from  silk,  but  the 
ash  of  celanese  is  firmer  and  harder. 

(c)  When  dipped  in  nitric  acid  and 
then  washed,  wool  and  silk  are  stained 
yellow;  cotton  remains  white. 

(d)  Silk  dissolves  quickly  in  hydro¬ 
chloric  acid. 

(e)  A  hot  potassium  hydroxide  (lye) 
solution  quickly  dissolves  wool  and  silk. 

(/)  A  drop  of  olive  oil  on  linen 
forms  a  clear,  translucent  spot. 

(g)  Water  is  taken  up  more  quickly 
and  evenly  by  linen.  Water  weakens 


most  silk  substitutes  so  that  they  quickly 
pull  apart,  whereas  silk  remains  strong 
when  wet. 

Results:  Perform  the  tests  above  and 
record  results  in  a  table. 

Experiment  134  (Optional) 

Question:  How  are  essential  oils  ob¬ 
tained  from  plants?  Heat  pine  chips  in 
a  test  tube.  Note  the  odor  of  creosote. 
Note  the  condensation  on  the  upper, 
cooler  parts  of  the  test  tube.  This  is 
wood  tar.  Boil  spruce  needles  in  a  test 
tube.  Note  the  odor  of  essential  oils. 

Experiment  135  (Optional) 

Question:  How  are  vegetable  fibers 
prepared?  Pick  out  some  cottonseeds 
from  their  hairy  coats.  Spin  the  fibers 
between  your  fingers,  twisting  and  pull¬ 
ing  until  you  have  spun  an  inch  or  two 
of  thread.  If  you  have  no  cottonseed, 
try  some  cotton  batting.  Try  to  do  the 
same  with  fibers  of  milkweed,  dogbane, 
dandelion,  or  other  hairy  seed.  Exam¬ 
ine  the  hairs  under  the  microscope  to 
find  why  some  spin  and  others  do  not. 
Soak  some  flax  stems  in  a  glass  of  wa¬ 
ter  for  two  or  three  days.  Then  strip  or 
scrape  the  threads  from  the  stems.  The 
Indians  had  no  flax,  but  they  found 
among  our  native  plants  some  substi¬ 
tutes.  Break  different  kinds  of  weed 
stems  until  you  find  some  with  stringy 
inner  bark,  and  treat  them  as  for  flax. 
Coarse,  tough,  old  celery  stems  have  fib¬ 
ers  somewhat  resembling  the  sisal  used 
in  “binder  twine.”  Scrape  some  out  with 
a  dull  knife. 


Questions  to  Think  Out 


1.  Think  of  each  article  of  clothing 
you  wear.  List  the  garment,  the  mate¬ 
rial,  the  source  of  supply.  Does  your 
clothing  come  mostly  from  plants  or 
from  animals? 


2.  Northern  woodsmen  often  wear 
woolen  clothing  even  on  warm  days. 
Why? 

3.  In  the  West  they  say,  always  wear 
a  woolen  shirt  in  the  desert.  Why? 


■ 

■  x : 


Unit  Eleven 

The  Science  of 
Keeping  Fit 

Nature  withheld  good  health  from  Theodore 
Roosevelt  at  first ,  for  he  was  a  weak  child;  but 
nature  gave  him  a  strong  will.  Y ear  after  year 
he  studied  and  trained  his  body.  In  the  years 
when  he  was  President  no  man  could  tire  him 
on  the  mountain  trail.  Paralyzing  disease  struck 
Franklin  D.  Roosevelt ,  but  intelligent  use  of 
his  strong  will  trained  his  body  to  serve  him 
and  played  an  important  part  in  raising  him  to 
the  presidency  of  the  United  States. 

In  this  unit  we  shall  study  the  structure  of 
the  human  body  far  enough  to  understand  how 
it  acts.  It  is  not  something  mysterious.  It  is  an 
organism  and  obeys  the  laws  that  control  other 
organisms.  Chemical  compounds  form  and 
change  to  other  compounds  in  the  body  as  in 
the  test  tubes .  Energy  is  released  and  trans¬ 
formed  from  chemical  energy  to  heat ,  motion, 
and  electricity  as  in  the  laboratory .  The 
achievements  of  modern  medicine  show  that 
we  are  learning  how  these  forces  act  and  react. 

What  is  the  mind?  We  know  that  the  cells  of 
the  nervous  system  respond  to  food,  rest,  con¬ 
trol,  as  do  other  cells  of  the  body.  In  this  unit 
we  shall  see  a  little  of  the  operation  of  the 
laws  of  physiology  and  health  in  controlling 
these  nerve  cells. 

(I)  Black  Star,  (2)  Harold  M.  Lambert,  (5)  Publisher 8  Photo, 
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Chapter  Fifty -two 

Feeding  the  Body 


Life’s  fuel.  You  play,  work,  live 
because  you  bum  up  fuel.  Though 
slow,  the  burning,  or  oxidation,  is 
constant.  The  energy  of  life  comes 
chiefly  from  burning. 

Fuel  and  oxygen  must  be  con¬ 
stantly  supplied  for  the  burning  to 
continue.  The  fuel  comes  from  food. 
Not  all  kinds  of  food  are  equally 
good  fuel.  For  heating  a  house,  oil  is 
a  good  fuel,  but  what  would  happen 
if  you  poured  oil  on  a  burning  coal 
fire?  Wood  is  a  good  fuel,  but  you 
would  not  throw  it  into  a  coal  fire. 
Perhaps  you  are  making  similar  mis¬ 
takes  in  your  bodily  fire.  When  you 
play  tennis,  hike,  or  saw  wood  you 
become  warm.  You  burn  faster. 
Then  you  get  hungry.  You  need  more 
fuel.  What  kind  of  fuel?  Shall  this 
fuel  for  your  body  be  meat?  pota¬ 
toes?  or  neither? 

A  group  of  college  students,  in 
order  to  save  time  while  preparing 
for  examinations,  ate  only  concen¬ 
trated  and  predigested  foods.  After 
the  examinations  all  were  in  poor 
health,  and  some  were  sick  for 
months.  Why? 

In  a  Russian  prison,  a  group  of 
political  prisoners  were  so  much  dis¬ 
gusted  with  the  filthy  cabbage  soup 
that  they  ate  only  bread.  They  all 
became  sick,  while  the  prisoners  who 
ate  the  cabbage  soup  remained 
healthy.  Why? 


A  stevedore  or  a  lumberjack  eats 
enough  to  put  an  office  worker  in  the 
hospital.  On  the  other  hand,  if  a 
lumberjack  or  stevedore  ate  only  the 
quantity  of  food  sufficient  for  an 
office  worker,  he  would  be  unable  to 
do  his  particular  kind  of  work. 

If  you  eat  slowly  and  chew  a  long 
time,  your  hunger  will  be  satisfied 
by  one  half  the  amount  that  you 
might  swallow  hastily.  When  people 
eat  just  as  much  as  they  desire,  the 
doctor  sometimes  finds  that  they  are 
ill  from  too  much  food  and  some¬ 
times  from  too  little.  How  can  you 
find  out  how  much  and  what  kind  of 
food  to  eat? 

What  food  does.  In  order  to 
answer  such  questions  as  those  given 
above,  you  need  to  know  what  food 
does  in  the  body. 

First,  food  must  supply  fuel. 
Second,  you  are  built  of  food. 
Food  supplies  the  substances  from 
which  your  body  tissues  are  made. 

Third,  your  burning  and  building 
must  go  on  at  a  definite  rate,  neither 
too  fast  nor  too  slow.  Each  part  of 
the  body  must  grow  and  work  at  its 
own  particular  rate.  The  activity  of 
each  part  is  influenced  by  the  activity 
of  other  parts.  Substances  in  the  food 
regulate  the  burning  and  building 
rates. 

These  very  different  operations  in 
your  body  are  due  to  very  different 
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The  human  hody  requires  fuel  foods,  the  carbohydrates  and  fat  foods.  The 
foods  above  furnish  fats  and  oils.  The  cheese  is  protein,  a  building  food 


food  substances.  To  keep  your  body 
in  health,  you  should  know  the  com¬ 
mon  foods  which  contain  each  type 
of  substance.  Sometimes  a  careful 
mother  is  shocked  when  told  by  the 
doctor  that  her  well-fed  child  is  un¬ 
dernourished.  The  child  has  had 
plenty  of  food,  but  some  particular 
food  substance  has  been  lacking  in 
the  diet. 

The  fuel  foods.  Coal  and  oil, 
the  chief  furnace  fuels,  are  largely 
carbon  and  hydrogen  with  other  ele¬ 
ments  in  smaller  quantities.  In  our 
foods  the  elements  that  are  burned 
are  also  largely  carbon  and  hydro¬ 
gen  with  others  in  smaller  quantities. 
This  similarity  between  furnace 
fuel  and  body  fuel  is  not  surprising, 
when  we  remember  that  coal  and  oil 
both  came  from  the  living  things  of 
ages  past. 

The  fuel  foods  are  chiefly  of  two 
kinds:  (1)  oils  or  fats  and  (2) 
carbohydrates.  They  contain  three 
elements — carbon,  hydrogen,  and 


oxygen.  The  common  carbohydrates 
of  our  food  are  sugars  and  starches. 
They  form  a  large  part  of  our  food 
substances.  Potatoes,  grains,  peas, 
and  beans  contain  large  quantities  of 
starch.  Fruits  contain  sugars.  The 
sugar  used  on  the  table  and  in  the 
kitchen  comes  from  sugar  cane  and 
sugar  beets.  Butter-fat  and  the  fat  of 
meat  furnish  most  of  the  animal  fats 
that  we  eat.  Olives,  com,  nuts,  and 
other  vegetable  sources  furnish  oils 
that  we  use  in  salads  and  in  our  cook¬ 
ing. 

The  building  foods.  Protoplasm, 
the  living  substance  inside  the  cells, 
is  a  complex  of  substances  most  of 
which  are  proteins.  A  protein  (pro¬ 
nounced  pro'te-in)  always  contains 
carbon,  hydrogen,  oxygen,  nitrogen, 
sulfur,  and  usually  phosphorus. 
Lean  meat  is  rich  in  protein  as  are 
fish  and  eggs.  The  white  of  egg  is 
pure  protein.  Wheat,  peas,  and  beans 
are  also  important  sources  of  pro¬ 
tein. 
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(1)  Vitamin  A  foods.  Lack 
of  this  vitamin  causes  an 
ulcerated  condition  of  the 
eyes.  (2)  Foods  containing 
vitamin  C  which  prevents 
scurvy.  Vitamin  C  oxidizes 
readily  and  may  be  lost  in 
cooking  foods.  (3)  Protein 
foods 


Proteins  from  all  these  sources 
are  not  equally  valuable.  The  best 
protein  foods  are  those  that  are  most 
nearly  like  those  of  the  human  body. 
The  vegetable  proteins  are  not  so 
valuable  as  those  from  animal 
sources.  Vegetables  lack,  or  have 
only  in  very  small  quantities,  certain 
proteins  that  our  bodies  must  have, 
especially  when  we  are  growing. 
Some  animal  proteins  therefore  must 
be  included  in  the  food  or  the  child 
will  not  grow  properly.  These  may 
be  derived  from  milk,  eggs,  or,  for 
older  children,  from  meat. 

The  regulating  foods.  Our 
bodies  need  not  only  the  fuel  foods 
and  the  building  foods,  but  also,  for 
health  and  vigor,  the  substances  to 
which  the  general  name  of  vitamin 
has  been  given.  Vitamins  are  known 
by  their  chemical  names  or,  more 
often,  as  vitamin  A,  B,  C,  D,  etc.  The 
B  vitamins  are  a  group  of  differing 


chemical  substances.  They  include 
Bi,  or  thiamin,  B2,  or  riboflavin,  Be, 
or  niacin.  In  selecting  our  foods  we 
need  not  think  of  the  individual  B 
vitamins,  but  can  select  foods  to  give 
us  the  whole  group,  or  B  complex. 
Sometimes  the  doctor  wishes  to  pre¬ 
scribe  one  of  these,  as  thiamin,  but 
we  had  better  leave  that  to  the  doctor 
instead  of  buying  it  at  the  drug  store 
when  the  notion  strikes  us. 

When  Cartier  was  exploring  the 
St.  Lawrence,  his  men  developed  the 
wasting  and  painful  disease  known 
as  scurvy .  To  cure  it  they  drank  an 
infusion  of  pine  needles  soaked  in 
water,  and  the  scurvy  disappeared. 
When  the  Alaskan  miners  suffering 
with  scurvy  managed  to  reach  the 
coast,  they  got  potatoes  and  ate  them 
raw.  Scurvy  was  a  scourge  of  the 
sailors  in  the  old  sailing  days  and 
also  of  the  old-time  Arctic  explorers. 
To  prevent  it  they  used  the  juice  of 
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Vitamin  B  foods  and,  right,  foods 
rich  in  vitamin  D.  Which  foods  con¬ 
tain  carbohydrates? 

■ 

lemons  or  limes  or,  later,  oranges. 
Now  it  is  prevented  by  fresh  and 
canned  vegetables.  Raw  fruits  and 
vegetables  contain  a  certain  sub¬ 
stance  which  is  called  vitamin  C. 
When  vitamin  C  is  present,  scurvy 
does  not  appear. 

During  World  War  I  when  certain 
foods  became  scarce,  eyes  became 
sore  and  ulcerated,  often  resulting 
in  blindness,  due  to  lack  of  vitamin 
A.  Night  blindness,  an  inability  to 
see  in  dim  light,  which  is  especially 
dangerous  to  aviators,  is  also  due  to 
this  lack.  Vitamin  A  is  contained  in 
butter,  in  egg  yolk,  and  especially  in 
cod  liver  oil.  Green  vegetables  and 
certain  yellow  vegetables,  such  as 
carrots,  will  also  supply  vitamin  A. 

In  the  Orient,  where  the  chief  diet 
of  a  large  number  of  people  is  white 
rice,  the  disease  beriberi  is  common. 
At  one  time  it  was  extremely  com¬ 
mon  in  the  Japanese  navy.  In  a 
prison  in  Java  where  the  food  was 
white  rice,  the  disease  was  banished 
by  adding  washings  of  rice  hulls  to 
the  diet.  We  now  know  that  a  vitamin 
of  the  B  group,  thiamin,  which  pre¬ 


vents  beriberi,  is  found  in  many 
fresh  foods,  but  is  lacking  in  the 
inner  portions  of  grain  such  as  rice. 

In  the  poorer  sections  of  many 
cities  of  Europe  and  America,  many 
children  suffer  with  misshapen  bones 
and  bodies.  This  condition,  called 
rickets ,  is  due  to  lack  of  vitamin  D. 
A  rich  source  of  this  substance  is 
cod-liver  oil.  Another  source  is  but¬ 
ter,  though  butter  contains  much 
less.  Our  bodies  can  manufacture 
their  own  vitamin  D  if  the  sun  falls 
upon  our  skins.  Special  kinds  of 
lights  giving  out  ultraviolet  rays  also 
produce  vitamin  D.  A  certain  fatlike 
substance  in  our  bodies  absorbs 
some  of  the  energy  from  the  light, 
and  vitamin  D  is  produced.  When 
certain  fats  obtained  from  other 
sources  are  treated  with  ultra-violet 
rays  (irradiated),  vitamin  D  is  de¬ 
veloped.  Perhaps  you  have  noted  the 
word  irradiated  on  a  can  of  evap¬ 
orated  milk.  Such  irradiated  foods 
may  be  mixed  with  our  regular  food 
as  our  source  of  vitamin  D. 
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These  foods  contain  minerals.  Fresh  fruits  and  vegetables  are  also  carbohy¬ 
drates 


Study  of  patients  and  animal  ex¬ 
perimentation  has  shown  still  other 
diseases  due  to  lack  of  vitamins.  If 
vitamin  E  is  lacking,  animals  fail  to 
reproduce.  If  certain  B  vitamins  are 
lacking,  the  disease  pellagra  devel¬ 
ops.  Pellagra  is  common  among  the 
poor  of  certain  parts  of  our  country 
during  hard  times  when  the  diet  is  re¬ 
stricted  to  few  articles  with  no  fresh 
food.  With  a  variety  of  foods,  includ¬ 
ing  fresh  vegetables,  milk,  eggs,  and 
fresh  meats,  there  is  no  trouble. 

In  addition  to  vitamins,  minerals 
regulate  many  processes  in  our 
bodies.  Some  of  them  also  build 
bones  and  teeth.  Calcium  and  some¬ 
times  iron  are  the  minerals  that  are 
most  likely  to  be  missing  in  our 
foods.  Milk  is  our  great  source  of 
calcium.  Green  vegetables  contain  it 


in  lesser  quantities.  Iron  occurs  in 
green  vegetables  and  in  red  meat. 

How  Many  Calories  of  Food  You 
Need  in  a  Day 

At  12  years  of  age . about  1800 

At  13  years  of  age . about  2100 

At  14  years  of  age . about  2400 

At  15  years  of  age,  girl. . . .  about  2400 
At  15  years  of  age,  boy. . . .  about  2700 

to  3000 

Woman  . about  2100 

Man,  sedentary  occupation,  about  2400 

Man,  light  work . about  2700 

Man,  heavy  work . about  3000 

to  3500 

How  much  to  eat.  The  amount 

of  gas  that  you  bum  in  a  car  depends 
upon  how  fast  and  how  far  you  drive, 
upon  how  hard  you  work  the  car.  So 
it  is  with  the  body.  A  farmer,  a  steve¬ 
dore,  or  a  lumberjack  needs  much 
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more  fuel  food  than  one  who  sits 
most  of  the  day  indoors.  An  active 
boy  of  fifteen  needs  more  than  a  man 
in  an  office.  The  fuel  value  of  a  food 
is  measured  in  calories.  The  table 
on  page  388  shows  how  many  cal¬ 
ories  each  kind  of  worker  needs. 

How  to  choose  your  food. 
When  you  are  hungry  after  a  long 
hike  and  sit  down  to  a  good  dinner, 
you  are  not  likely  to  think  about  the 
number  of  calories  you  are  consum¬ 
ing.  With  a  little  thought,  however, 
you  can  select  a  good  mixed  and  bal¬ 
anced  diet.  Select  first  your  protein. 
One  slice  of  meat  or  one  chop  will  be 
about  enough  for  dinner,  if  you  have 
had  eggs  for  breakfast  and  perhaps 
a  meat  sandwich  for  lunch.  Now 
think  of  the  fats.  Unless  you  are 
working  hard  outdoors  in  a  cold  cli¬ 
mate,  you  will  not  need  much  fat.  A 
little  with  your  meat,  all  the  butter 
you  want,  and  a  glass  of  good  milk 
will  supply  enough  fats. 

After  the  proteins,  make  sure  of 
the  vitamins,  the  protective  foods. 
Fresh,  raw  fruits  and  vegetables  con¬ 
tain  one  group  of  vitamins.  Here  are 
the  salads,  fruit  cups,  and  fruit  des¬ 
serts.  B  vitamins  are  in  fresh  lean 
meats,  liver,  chicken,  seeds  (peas 
and  beans,  peanuts,  whole  cereals, 
whole  wheat  bread).  Some  of  the 
vitamin  foods  must  be  eaten  raw,  for 
cooking  destroys  some  of  the  B  vita¬ 
mins  and  vitamin  C,  although  canned 
tomatoes  retain  much  of  vitamin  C. 
For  vitamin  A  eat  butter,  yellow 
vegetables,  such  as  carrots,  and  green 
leaves,  such  as  spinach. 


Now  think  of  the  minerals  you 
need.  Calcium  and  iron  are  the  only 
two  that  need  bother  you.  Red  meats 
and  green  leaves  contain  iron.  Cal¬ 
cium  is  found  in  milk  and  milk 
products.  In  smaller  amounts  it  is 
also  in  green  leaves,  but  you  would 
need  to  eat  as  much  as  a  cow  to  get 
enough  calcium  from  leaves  alone. 
Dr.  E.  V.  McCollum  of  Johns  Hop¬ 
kins  University  says  that  each  of  us 
needs  to  take  a  quart  of  milk  a  day 
or  its  equivalent  in  various  milk 
products. 

The  bulk  of  the  meal  may  then  be 
bread  and  vegetable,  especially  vege¬ 
table.  You  may  eat  these  until  your 
hunger  is  satisfied,  but  eat  slowly  and 
enjoy  every  mouthful.  If  you  hurry 
your  dinner  into  your  stomach,  the 
doctor  may  get  you. 

There  are  two  general  types  of 
cooked  vegetables.  One  type,  such  as 
potatoes  and  beans  and  corn,  con¬ 
tains  large  quantities  of  starch.  Beets 
contain  sugar  which  to  the  body  is 
much  the  same  as  starch.  Cooked 
vegetables  of  the  second  type  are 
relatively  bulky  for  the  amount  of 
nourishment  they  contain,  but  they 
are  nonetheless  valuable.  The  bulk 
element  of  food  is  called  roughage. 
We  need  some  bulk  in  our  intestines 
to  make  them  work  properly.  Bulky 
vegetables  are  parsnips,  cauliflower, 
cabbage,  and  the  like.  These  vege¬ 
tables  are  rich  sources  of  vitamins. 

Over  half  of  your  food  (60  per 
cent)  should  furnish  carbohydrates. 
About  one  quarter  should  be  fat. 
About  one  eighth  should  be  protein. 


J.  C.  Allen  and  Son 


The  rat  (left)  was  fed  a  diet  lacking  vitamins.  Compare  with  the  healthy  rat 


When  you  are  growing,  you  need 
more  protein,  about  14  per  cent.  At 
least  half  of  the  protein  should  come 
from  animals — meat,  eggs,  milk. 

Cooking.  Although  we  need  some 
uncooked  food  each  day  to  supply 
vitamins,  most  of  our  food  is  cooked. 
Proper  cooking  makes  food  more 
appetizing  and  more  easily  digested. 
The  substance  cellulose,  that  com¬ 
poses  the  cell  walls  of  plants,  is  indi¬ 
gestible  in  our  systems.  Cooking 
bursts  these  cell  walls  and  allows 
the  digestive  juices  to  reach  the  foods 
stored  inside  the  plant  cells.  The 
cells  of  meat,  too,  are  bound  together 
and  enveloped  by  tough  tissues  that 
retard  the  digestive  juices.  Cooking 
destroys  or  alters  these  tough  tissues 
so  that  digestive  juices  can  reach  the 
rich  food  inside.  A  further  reason 
for  cooking  is  to  destroy  disease 
germs  and  parasitic  worms  that  are 
very  often  present  in  meat  and  some¬ 
times  in  vegetables. 


Just  how  each  food  shall  be  pre¬ 
pared  is  not  entirely  a  matter  of 
taste.  Proper  cooking  is  studied  as  a 
science.  Scientific  experiments  to 
find  the  best  methods  for  each  food 
are  being  conducted  by  the  United 
States  Department  of  Agriculture, 
state  departments,  universities,  and 
corporations  preparing  foods. 

Unspoiled  food.  Have  you  no¬ 
ticed  in  the  butcher  shop  a  “quarter” 
of  meat  bearing  a  violet  stamp  “In¬ 
spected  and  Passed”?  Inspectors  of 
the  United  States  Government  have 
examined  the  carcass  and  decided 
that  the  animal  is  fit  for  food.  The 
inspectors  stationed  at  the  slaughter¬ 
houses  search  every  carcass  for  evi¬ 
dence  of  tuberculosis,  anthrax,  and 
other  diseases  as  well  as  for  parasitic 
worms.  Tapeworms  in  beef  and  pork 
and  trichina  worms  in  pork  are  com¬ 
mon  parasites.  Any  carcass  showing 
evidence  of  parasites  or  disease  is 
condemned  and  made  into  fertilizer. 
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The  United  States  Government  inspector  examines  carcasses  for  diseases  and 
parasitic  organisms.  The  purple  stamp  indicates  whether  or  not  the  carcass 
has  passed  inspection  and  denotes  the  grade  of  the  meat 


An  act  of  Congress  requires  that 
the  label  on  the  food  package  state 
the  presence  of  adulterants,  inferior 
substances,  coloring  matter  and 
preservatives,  dyes,  and  flavorings 
added  to  conceal  the  adulteration. 
Borax,  formaldehyde,  salicylic  acid, 
and  benzoate  of  soda  are  some¬ 
times  added  as  preservatives.  Some 
of  these  preservatives  may  be  pres¬ 
ent  in  very  small  amounts,  for  in¬ 
stance,  “benzoate  of  soda,  one  tenth 
of  one  per  cent.”  Such  a  small 
amount  in  one  meal  may  be  harm¬ 
less,  but  if  many  foods  contain  it  and 
it  occurs  in  meal  after  meal,  it  may 
finally  poison  the  body. 

Cheaper  substances  are  sometimes 
substituted  for  more  expensive  ones. 
Glucose,  which  is  a  good  food  but 
cheaper  than  cane  sugar,  is  used  in 
jellies,  honey,  and  maple  sirup. 


Cereals  replace  meats  in  sausages. 
Dyes  of  various  colors  are  sometimes 
used  in  candies,  jellies,  and  adulter¬ 
ated  fruits  and  meats. 

Alcohol  in  drink.  Alcohol  will 
burn  and  is  oxidized  in  the  body,  but 
this  does  not  make  it  a  good  food.  It 
temporarily  increases  the  flow  of  gas¬ 
tric  juice,  but  in  the  end  the  efficiency 
of  the  gastric  juice  diminishes  and 
stomach  disorders  may  result.  It 
tends  to  produce  hardening  of  the 
arteries,  damagedlieart  muscles,  and 
disease  of  the  liver  and  the  kidneys. 
It  tends  to  narcotize  the  nerves  (put 
them  to  sleep).  That  is  the  reason 
why  automobile  drivers  under  the 
influence  of  liquor  are  dangerous  to 
traffic.  Its  narcotizing  action  also 
leads  to  dilation  of  the  blood  vessels 
of  the  skin  and  the  flushing  of  the 
skin  with  blood.  There  results  an  im- 
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mediate  feeling  of  warmth,  but  the 
heat  is  soon  lost  from  the  skin  and 
the  body  is  cooler  than  before.  A 
drink  of  liquor  is,  therefore,  a  poor 
means  of  warming  up  on  a  cold  day. 
Experiments  have  shown  that  guinea 
pigs  and  white  rats  under  the  contin¬ 
ued  use  of  alcohol  are  more  subject 
to  the  attack  of  disease  germs.  Insur¬ 
ance  companies  have  found  by  actual 
experience  that  alcohol  drinkers  as  a 
group  die  fifteen  years  earlier  than 
abstainers. 

Alcohol  lessens  the  drinker’s  effi¬ 
ciency  both  physically  and  mentally. 
Vision  is  dulled,  speed  and  accuracy 
are  reduced,  errors  are  increased, 
coordination  (working  of  nerves  and 
muscles  in  their  proper  order)  is  im¬ 
paired,  and  memory  is  weakened. 
Most  disastrous  of  all  is  the  effect 
upon  the  mind.  Reasoning  power, 
self-criticism,  self-control  are  seri¬ 
ously  reduced  and  with  continued 
use  may  be  permanently  lost.  The 
continued  and  excessive  use  leads  to 
the  hopeless  state  of  the  habitual 
drunkard. 

Drugs  and  patent  medicines. 
Carloads  of  headache  powders  and 
other  patent  medicines  are  sold  in 
the  United  States.  It  would  seem  that 
the  country  is  suffering  from  a 
grand,  continuous  headache.  A  head¬ 
ache  is  a  warning  that  something  is 
wrong  in  the  body.  It  is  like  a  red 
light  on  the  track.  Hiding  the  red 
light  will  not  remove  the  danger 
ahead.  Headache  powders  are  drugs 
that  make  you  insensible  to  the  ache 
without  removing  the  cause.  The 


headache  is  not  the  disorder;  it  is  the 
result  of  some  disorder.  If  headaches 
are  frequent,  the  doctor  should  find 
what  is  wrong.  The  disorder  must  be 
corrected  or  there  may  be  serious 
trouble  ahead. 

Some  of  the  drugs  commonly  used 
in  headache  powders  have  damaging 
effects  upon  the  heart.  Drugs  should 
never  be  taken  except  upon  order  of 
the  physician  who  knows  what  they 
will  do.  Among  the  drugs  used  in 
remedies  for  headache  and  similar 
ills  are  phenacetin,  acetanilid, 
chloral,  morphine. 

Fortunes  have  been  made  on  the 
sale  of  patent  medicines  to  the  ignor¬ 
ant  and  the  thoughtless.  Some  are 
simply  frauds,  bottles  of  water  with 
flavoring  and  dye  and  a  good  per¬ 
centage  of  alcohol  to  give  them  a 
“kick.”  Others  contain  drugs  very 
dangerous  when  not  properly  used. 
The  directions  on  the  package  cannot 
tell  you  when  they  should  be  used. 
The  trained  doctor  who  has  learned 
how  to  find  out  what  is  wrong  with  a 
patient  and  how  to  correct  the  wrong 
is  the  person  to  prescribe  the  remedy. 

Manufacturers  must  list  danger¬ 
ous  drugs  on  the  labels.  However, 
the  scientific  names  they  use  mean 
little  to  most  of  us.  If  the  effects  of 
the  drugs  were  listed,  we  might  be 
more  cautious  in  using  them. 

Tobacco.  There  are  poisons  in 
tobacco.  One  of  these  is  nicotine,  a 
substance  that  gardeners  use  to  poi¬ 
son  insects  on  their  plants.  Tobacco 
smoke  blown  into  the  water  of  an 
aquarium  will  kill  the  fish.  The  hu- 
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man  body  is  more  resistant  to  some 
poisons  when  they  are  taken  in  small 
amounts  through  a  long  series  of 
years,  but  that  tobacco  actually  has 
a  poisonous  action  upon  the  body  is 
shown  by  the  bad  effects  of  the  first 
smoke.  In  an  experiment,  four  men 
and  two  women  smoked  two  ciga¬ 
rettes  apiece.  Their  pulse  increased 
36  beats  and  their  blood  pressure 
19  millimeters. 
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When  coaches  forbid  athletes  the 
use  of  tobacco,  there  is  a  good  reason 
for  it.  Athletes  cannot  do  well  when 
poisoned  with  tobacco.  In  mental 
work  also  tobacco  shows  its  poison¬ 
ous  effect.  Experiments  have  shown 
that  smokers  are  inferior  as  students 
to  nonsmokers.  The  soothing  effect 
of  smoking  upon  smokers  and  their 
irritation  without  it  are  due  to  the 
narcotic  poisoning. 


Vitamins  and  the  Foods  Which  Supply  Them 


Best  sources 

Vitamin  A: 

Butter,  cheese  from  whole  milk,  egg  yolk. 
Fish  liver  oils.  Carrots,  sweet  potatoes  (yel¬ 
low  vegetables) .  Spinach,  turnip  tops,  beet 
tops,  green  lettuce,  green  pease,  green  beans 
(green  vegetables).  Apricots,  prunes, 
peaches. 

The  B  Vitamins: 

Thiamin : 

Lean  meats  (pork,  chicken,  liver).  Seeds 
(green  peas  and  beans,  whole  cereals, 
wheat  germ,  whole  wheat  bread). 

Riboflavin  (Vitamin  G)  : 

Liver,  kidney,  lean  meats,  eggs,  cheese, 
milk.  Wheat  germ,  peanuts,  soybeans. 
Beet  tops,  greens. 

Niacin: 

Liver,  lean  meats  (beef,  pork,  chicken) , 
salmon,  eggs,  milk.  Green  peas,  soybeans, 
tomatoes,  turnip  tops,  green  cabbage. 
Whole  grains,  peanuts. 

Vitamin  C:  (Easily  destroyed  by  cooking.) 
Tomatoes,  oranges  (and  other  citrus  fruits) , 
salad  greens  generally  (green  in  color). 
Fruits  in  general  (raw),  especially  currants, 
strawberries,  raspberries,  cantaloupes. 

Vitamin  D:  Sunshine  develops  this  vitamin  in 
Fish  liver  oils,  egg  yolk. 


Good  sources 

Kidney,  red  salmon,  green  aspara¬ 
gus,  cantaloupes,  olives,  oranges. 


Lean  beef,  mutton,  fish. 

Potatoes,  tomatoes,  green  vege¬ 
tables  generally. 

Prunes,  apples,  pears,  cantaloupes. 
Nuts. 

Peas,  beans,  cabbage,  cauliflower, 
carrots. 

Pears,  prunes,  peaches. 


Fruits  and  greens  generally  when 
fresh  and  raw. 


our  bodies. 
Butter,  salmon. 
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(©  Frank  A.  Rexford) 


• 

Of  This 

the  Body  Can  Use 

This 
Portion 
Can 
Yield 
to  the 
Body  in 
Energy 
and  Heat 
Units 

Weight 

Muscle 

Builder 

Protein 

For  Heat  and  Energy 

Foods  as  We  Eat  Them 

of 

Ordinary 

Helping 

Fat 

Carbohy¬ 

drates 

(Starch 

and 

Sugar) 

Ounces 

Ounces 

Ounces 

Ounces 

Calories 

Beef: 

Chuck . 

3.00 

.57 

.04 

•  •  •  • 

172.5 

Corned . 

2.00 

.31 

.52 

•  •  •  • 

174.3 

Dried . 

1.00 

.26 

.07 

•  •  •  • 

49.4 

Flank . 

2.25 

.44 

.47 

•  •  •  • 

176.5 

Liver . 

2.00 

.41 

.09 

.03 

75.6 

Round . 

2.25 

.43 

.29 

•  •  •  • 

125.2 

Sirloin . 

2.25 

.37 

.36 

•  •  •  • 

137.1 

Sweetbreads . 

2.00 

.33 

.24 

•  •  •  • 

103.1 

Tongue,  pickled . 

2.00 

.25 

.41 

•  •  •  • 

138.1 

Tripe . 

3.00 

.38 

.04 

.01 

60.4 

Beverages : 

Cocoa . 

5.00 

.11 

.33 

.19 

123.0 

Coffee,  cream,  and 
sugar  only . 

.75 

.01 

.17 

.27 

53.0 

Lemonade . 

5.50 

•  •  •  • 

•  •  •  • 

.66 

78.1 

Orange  juice . 

5.00 

•  •  •  • 

•  •  •  • 

.65 

75.5 

Bread: 

Biscuit,  cream . 

2.33 

.20 

.20 

1.00 

203.9 

Homemade . 

2.00 

.17 

.05 

1.10 

162.5 

Bread,  corn . 

2.00 

.16 

.09 

.93 

150.6 

Gluten . 

2.00 

.18 

.03 

.99 

145.0 

Graham . 

2.00 

.18 

.04 

1.04 

151.3 

Homemade . 

2.00 

.18 

.03 

1.07 

153.1 

Plain  rolls . 

2.00 

.19 

.08 

1.20 

183.7 

Rye . 

2.00 

.24 

.01 

.72 

114.8 

Whole-wheat . 

2.00 

.19 

.02 

.99 

142.5 

Zwieback . 

1.00 

.10 

.10 

.74 

123.2 

And  butter . 

2.50 

.22 

.48 

1.18 

275.0 

Buns,  hot  cross . 

1.25 

.10 

.06 

.60 

99.6 

Crackers : 

Graham . 

1.00 

.10 

.09 

.74 

122.2 

Oatmeal . 

1.00 

.12 

.11 

.69 

123.1 

Pretzels . 

1.00 

.10 

.04 

.73 

106.3 

Saltines . 

1.00 

.11 

.13 

.69 

125.3 

Soda . 

1.00 

.10 

.09 

.73 

120.3 

Toast,  dry . 

5.00 

.06 

.01 

.30 

44.4 
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Of  This 

the  Body  Can  Use 

This 

Portion 

Can 

Yield 

TO  THE 

Body  in 
Energy 
and  Heat 
Units 

Weight 

Muscle 

Builder 

For  Heat  and  Energy 

Foods  as  We  Eat  Them 

of 

Ordinary 

Helping 

Protein 

Fat 

Carbohy¬ 

drates 

(Starch 

and 

Sugar) 

Cake: 

Chocolate  layer . 

Ounces 

2.50 

Ounces 

.16 

Ounces 

.20 

Ounces 

1.60 

Calories 

257.8 

Coffee . 

2.00 

.14 

.15 

1.26 

203.1 

Cookies : 

Molasses . 

1.75 

.11 

.13 

1.32 

209.0 

Sugar . 

1.50 

.11 

.15 

1.10 

180.0 

Doughnuts . 

1.75 

.12 

.37 

.93 

218.8 

Frosted . 

2.00 

.12 

.18 

1.30 

211.9 

Gingerbread . 

2.00 

.12 

.18 

1.27 

208.8 

Jelly  roll . 

3.00 

.15 

.12 

2.19 

301.2 

Macaroons . 

1.00 

.07 

.15 

.65 

123.4 

Nut . 

2.50 

.20 

.54 

1.36 

324.4 

Snonge . 

1.50 

.09 

.16 

.90 

168.3 

Cereals: 

Cornflakes . 

.75 

.07 

.59 

77.6 

F  arina . 

4.00 

.44 

.06 

3.05 

421.2 

Hominy . 

4.00 

.09 

.01 

.72 

95.0 

Oatmeal . 

4.25 

.12 

.02 

.49 

67.1 

Puffed  rice . 

.50 

.04 

•  •  •  • 

.40 

50.9 

Rice . 

4.00 

.11 

•  •  •  • 

.98 

127.5 

Shredded  wheat . 

2.00 

.21 

.03 

1.56 

212.5 

Wheat  flakes . 

.75 

.10 

.01 

.56 

79.2 

Dairy  products: 

Butter . 

.50 

.05 

.43 

•  •  •  • 

112.7 

Buttermilk . 

6.00 

.18 

.03 

.29 

61.9 

Cheese : 

Cottage . 

2.00 

.42 

.02 

.09 

63.8 

Full  cream . 

1.00 

.26 

.34 

.02 

121.9 

Swiss . 

1.00 

.28 

.35 

.01 

125.6 

Condensed  milk : 
Sweetened . 

.25 

.02 

.02 

.14 

23.8 

Unsweetened . 

.25 

.02 

.02 

.03 

12.2 

Cream : 

Table. . 

.50 

.01 

.09 

.02 

28.4 

Whinned . 

.50 

.13 

.09 

.05 

31 . 1 

Ice  cream . 

2.00 

.05 

.10 

.91 

134.7 

Milk,  skimmed . 

6.50 

.22 

.02 

.33 

69.1 

Whole . 

6.00 

.20 

.24 

.30 

121.9 

110.2 

Oleomargarine . 

.50 

.01 

.42 

•  •  •  • 
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Personal  Food  Table  (Continued) 


Foods  as  We  Eat  Them 

Weight 

of 

Ordinary 

Helping 

Of  This 

the  Body 

Can  Use 

This 

Portion 

Can 

Yield 

TO  THE 

Body  in 
Energy 
and  Heat 
Units 

Muscle 

Builder 

Protein 

For  Heat  and  Energy 

Fat 

Carbohy¬ 

drates 

(Starch 

and 

Sugar) 

Ounces 

Ounces 

Ounces 

Ounces 

Calories 

Eggs: 

Boiled  (2) . 

3.75 

.50 

.45 

•  •  •  • 

179.1 

Omelet . 

4.00 

.48 

.88 

.03 

296.0 

Poached . 

1.25 

.18 

.15 

.... 

60.4 

Scrambled . 

2.00 

.24 

.17 

.03 

78.5 

Fish: 

Blue . 

5.00 

1.30 

.23 

209.4 

Cod . 

5.00 

.32 

.02 

101.6 

Halibut,  steak . 

3.00 

.56 

.16 

105.9 

Herring . 

3.00 

.57 

.20 

115.0 

Salmon,  canned . 

2.00 

.44 

.24 

114.1 

Sardines . 

1.00 

.23 

.19 

78.1 

Shad . 

2.25 

.42 

.22 

104.9 

Fowl: 

Chicken,  broilers . 

3.50 

.75 

.09 

•  •  «  » 

110.5 

Fricasseed . 

3.50 

.62 

.40 

.08 

187.0 

Turkey . 

1.25 

.26 

.26 

•  •  •  • 

104.0 

Fruit: 

Apples,  baked . 

3.25 

.02 

.02 

.78 

98.5 

Fresh . 

5.50 

.02 

.03 

.78 

99.7 

Sauce . 

3.50 

.01 

.03 

1.20 

159.7 

Bananas . 

3.50 

.05 

.02 

.77 

100.6 

Cherries . 

2.00 

.02 

.02 

.33 

45.6 

Cranberries . 

3.00 

.01 

.02 

.30 

40.3 

Currants . 

3.00 

.05 

•  •  •  • 

.38 

49.7 

Figs . 

2.00 

.09 

.01 

1.50 

184.4 

Grapefruit . 

3.75 

.03 

.01 

.37 

49.5 

Grapes . 

5.00 

.05 

.07 

.96 

140.6 

Huckleberries . 

3.00 

.02 

.02 

.50 

64.7 

Lemons . 

1.00 

.01 

.01 

.09 

12.8 

Olives,  green . 

1.33 

.01 

.37 

.15 

116.3 

Oranges . 

5.00 

.04 

.01 

.58 

75.0 

Peaches,  cooked . 

3.50 

.02 

.39 

48.2 

Pineapple,  canned . 

3.25 

.01 

.02 

1.18 

145.2 

Fresh . 

4.00 

.02 

.01 

.39 

50.0 

Prunes,  cooked . 

3.75 

.02 

.84 

100.8 

Baspberries,  black .... 

4.00 

.07 

.04 

.50 

77.5 

Red . 

3.50 

.04 

.44 

55.8 

Rhubarb . 

2.50 

.01 

.01 

.57 

67.0 

Strawberries,  fresh .... 

4.25 

.04 

.03 

.31 

47.8 
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Foods  as  We  Eat  Them 

Weight 

of 

Ordinary 

Helping 

Ounces 

Jelly: 

Cherry . 

1.00 

Cranberry . 

2.00 

Currant . 

1.00 

Orange . 

2.75 

Peach . 

3.50 

Lamb: 

Chops . 

2.00 

Kidney  stew . 

4.00 

Lee . 

3.50 

Miscellaneous: 

Brown  gravy . 

2.25 

Hash,  beef . 

2.20 

Macaroni . 

2.75 

With  cheese . 

2.75 

Mayonnaise  dressing, 

1.25 

cooked . 

Olive  oil . 

.33 

Salad  dressing,  French. 

.50 

Nuts: 

Almonds . 

.25 

Brazil . 

.50 

English  walnuts . 

.50 

Hickory . 

.50 

Peanuts . 

.50 

Pecan . 

.50 

Pickles : 

1.25 

Cucumber . 

Mixed . 

1.00 

Pie: 

Apple . 

4.50 

Blueberry . 

3.87 

Cream . 

4.00 

Custard . 

4.00 

Lemon . 

4.00 

Mince . 

5.00 

Pumpkin . 

5.00 

Raisin . 

5.00 

Of  This 

the  Body  Can  Use 

This 

Portion 

Muscle 

For  Heat  and  Energy 

Can 

Builder 

Y IFI/D 

Carbohy- 

TO  THE 

drates 

Body  in 

Protein 

Fat 

(Starch 

Energy 

and 

and  Heat 

Sugar) 

Units 

Ounces 

Ounces 

Ounces 

Calories 

.01 

•  •  •  • 

.21 

90.9 

.01 

.01 

.85 

102.2 

.01 

.... 

.77 

91.3 

•  •  •  • 

.... 

.85 

100.1 

.02 

.05 

.74 

98.4 

.43 

.59 

•  •  •  • 

210.0 

.72 

.20 

.08 

150.0 

.67 

.44 

•  •  •  • 

194.3 

.03 

.26 

.07 

81.2 

.26 

.27 

.32 

114.3 

.36 

.02 

2.00 

286.2 

.26 

.16 

.42 

122.4 

.07 

.32 

.03 

96.0 

.33 

•  •  •  • 

88.0 

•  •  •  • 

.74 

.02 

100.4 

.05 

.14 

.04 

47.3 

.09 

.33 

.04 

102.0 

.08 

.32 

.08 

102.7 

.08 

.34 

.06 

104.5 

.13 

.19 

.12 

80.0 

.06 

.36 

.07 

107.9 

.01 

•  •  •  • 

.03 

5.5 

.01 

•  •  *  • 

.04 

6.9 

.29 

.31 

1.44 

282.8 

.15 

.19 

1.50 

237.0 

.18 

.46 

2.05 

380.0 

.17 

.25 

1.00 

207.5 

.14 

.40 

1.49 

297.2 

.29 

.62 

1.90 

417.1 

.15 

.15 

1.00 

177.0 

.15 

.56 

2.36 

439.5 
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Personal  Food  Table  (Continued) 


Foods  as  We  Eat  Them 

Weight 

of 

Ordinary 

Helping 

Of  This 

the  Body  Can  Use 

This 
Portion 
Can 
Yield 
to  the 
Body  in 
Energy 
and  Heat 
Units 

Muscle 

Builder 

Protein 

For  Heat  and  Energy 

Fat 

Carbohy¬ 

drates 

(Starch 

and 

Sugar) 

Ounces 

Ounces 

Ounces 

Ounces 

Calories 

Pork: 

Bacon . 

1.00 

.10 

.66 

•  •  •  • 

188.6 

Chops . 

3.00 

.47 

.95 

•  •  •  • 

309.0 

Ham,  lean . 

2.25 

.49 

.55 

•  •  •  • 

203.2 

Pudding : 

Blanc  mange,  chocolate 

3.50 

.10 

.30 

.49 

148.8 

Bread . 

3.50 

.19 

.42 

.57 

131.6 

Custard . 

3.25 

.16 

.16 

.35 

102.4 

Floating  island . 

3.00 

.15 

.05 

.55 

118.8 

Indian-meal . 

3.25 

.18 

.16 

.89 

165.5 

Bice . 

3.25 

.12 

.28 

.55 

149.5 

Tapioca . 

3.25 

.11 

.10 

.92 

146.3 

Salad: 

Date-and-apple . 

2.25 

.05 

.05 

.87 

121.7 

Egg  with  mayonnaise. . 

2.25 

.26 

.25 

.02 

100.1 

Fruit . 

2.25 

.04 

.02 

.52 

70.4 

Potato . 

2.25 

.09 

.22 

.29 

102.1 

Tomato,  with  may  on- 

naise . 

4.00 

.06 

.16 

.15 

67.6 

Sandwiches: 

Cheese . 

3.25 

.41 

.49 

1.20 

314.2 

Egg . 

4.00 

.40 

.37 

1.19 

279.7 

Ham . 

3.50 

.33 

.48 

1.19 

302.7 

Jelly . 

2.00 

.01 

.01 

.85 

102.2 

Lamb . 

4.00 

.53 

.48 

1.10 

316.0 

Boast-beef . 

3.50 

.39 

.39 

1.19 

275.8 

Sardine . 

3.50 

.44 

.35 

1.19 

279.6 

Sausages: 

Bologna . 

2.00 

.37 

.35 

.01 

136.8 

Country . 

2.00 

.56 

.80 

278.1 

Frankfurters . 

2.00 

.39 

.37 

.02 

141.6 

Shellfish: 

Clams . 

3.75 

.24 

.02 

32.2 

Lobster . 

2.00 

.32 

.04 

47.6 

Oysters . 

3.50 

.21 

.04 

•  •  •  • 

36.4 
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Of  This 

the  Body  Can  Use 

Weight 

Muscle 

Builder 

Protein 

For  Heat  and  Energy 

Foods  as  We  Eat  Them 

of 

Ordinary 

Helping 

Fat 

Carbohy¬ 

drates 

(Starch 

and 

Sugar) 

Ounces 

Ounces 

Ounces 

Ounces 

Soup: 

Bean . 

4.75 

.38 

.07 

1.00 

Chicken . 

4.75 

.19 

.01 

.10 

Consomme . 

4.75 

.10 

.02 

Clam  chowder . 

4.75 

.09 

.04 

.33 

Cream  of  celery . 

4.75 

.11 

.34 

.17 

Corn . 

4.75 

.14 

.33 

.40 

Potato . 

4.75 

.11 

.03 

.37 

Tomato . 

4.75 

.13 

.12 

.33 

Vegetable  (canned). . . . 

4.75 

.13 

•  •  •  • 

.02 

Sugars: 

Candv.  Caramel . 

1.00 

.05 

•  •  •  • 

.81 

Chocolate . 

1.00 

.01 

.01 

.73 

Honey . 

1.63 

.01 

•  •  •  • 

1.32 

Maple  sirup . 

1.25 

•  •  •  • 

•  •  •  • 

.89 

Maple  sugar . 

1.00 

•  •  •  • 

!  •  •  •  • 

.83 

Sugar,  granulated,  loaf 

.25 

•  •  •  • 

•  •  •  • 

.25 

Vegetables: 

Asparagus,  on  toast.  .  . 
Beans,  baked . 

4.00 

3.25 

.18 

.31 

.40 

.18 

.64 

1.08 

Kidney . 

3.25 

.22 

.65 

.60 

String . 

4.00 

.09 

.01 

.29 

Beets . 

2.25 

.05 

•  •  •  • 

.17 

Cabbage,  boiled . 

4.00 

.03 

.09 

.16 

Carrots . 

3.75 

.04 

.02 

.35 

Cauliflower . 

4.00 

.07 

.02 

.20 

Celery . 

1.00 

.01 

•  •  •  • 

.03 

Corn,  canned . 

2.75 

.08 

.03 

.52 

Cucumbers . 

2.00 

.02 

•  •  •  • 

.06 

Eggplant . 

1.50 

.02 

•  •  •  • 

.08 

^oor  . 

Lettuce . 

1.00 

.01 

•  •  •  • 

.03 

Mushrooms  . 

1.00 

.04 

•  •  •  • 

.07 

Onions,  boiled . 

2.50 

.03 

.11 

.  13 

Creamed . 

3.00 

.04 

.15 

.15 

Parsnips,  creamed . 

Peas  green  . 

3.00 

3.00 

.03 

.13 

.07 

.10 

.44 

.20 

Potatoes  baked . 

3.00 

.10 

.01 

.68 

Boiled  . 

3.00 

.08 

.01 

.73 

Browned . 

3.25 

.11 

.06 

.82 

This 
Portion 
Can 
Yield 
to  THE 

Body  in 
Energy 
and  Heat 
Units 


Calories 


182.8 

31.3 

16.0 

60.0 

124.8 
152.0 

146.8 

91.2 

192.8 


100.4 

90.0 

154.9 

103.9 

96.2 
29.0 


202.8 

182.0 

97.5 

48.7 
26.1 

35.2 

49.2 
35.0 

5.3 

78.2 
10.0 

121.9 

5.6 

13.1 

26.3 

65.7 
79.0 

103.2 

98.1 

82.8 
123  5 
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Foods  as  We  Eat  Them 

Weight 

of 

Ordinary 

Helping 

Of  This 

the  Body  Can  Use 

This 

Portion 

Can 

Yield 

TO  THE 

Body  in 
Energy 
and  Heat 
Units 

Muscle 

Builder 

Protein 

For  Heat  and  Energy 

Fat 

Carbohy¬ 

drates 

(Starch 

and 

Sugar) 

Ounces 

Ounces 

Ounces 

Ounces 

Calories 

Potatoes  (Continued): 

Mashed . 

3.25 

.09 

.26 

.68 

100.4 

Sweet . 

3.00 

.09 

.06 

1.26 

173.4 

Radishes . 

1.00 

.01 

•  •  •  • 

.06 

8.4 

Spinach . 

3.00 

.06 

.12 

.08 

16.3 

Squash,  winter,  baked. 

3.75 

.05 

.01 

.33 

50.4 

Tomatoes,  sliced . 

4.00 

.04 

.04 

.18 

26.8 

Turnips,  mashed . 

4.00 

.02 

.11 

.11 

24.4 

Experiment  136  (Home) 

Question:  (o)  How  many  ounces  of 
protein  do  I  consume  in  one  day? 

(6)  How  many  calories  are  yielded 
to  my  body  by  the  food  I  have  taken 
this  day? 

Materials:  A  list  of  all  the  different 
portions  of  food  you  eat  for  one  whole 


day;  the  personal  food  table  found  on 
pages  394-400. 

Directions:  (a)  Make  a  complete  list 
of  all  the  food  eaten  in  one  day.  The 
best  plan  is  to  keep  your  list  with  you 
and  keep  it  up-to-date  as  the  day  pro¬ 
gresses.  Do  not  omit  anything.  Note 
quantities  eaten. 


Number  of 
Portions 


FOOD  FOR  ONE  DAY 


Food  Eaten 


Ounces  of 
Protein 


Number  of 
Calories 


Total 


FEEDING 

( b )  Record  the  list  of  foods  on  a 
page  of  your  notebook  that  has  been 
ruled  as  shown  on  page  392. 

(c)  After  you  have  completed  your 
list,  copy  from  the  Personal  Food  Table 
on  pages  394-400  the  proper  values  of 
each  food  you  have  eaten  into  the  pro¬ 
tein  and  the  calories  columns,  and  add 
the  two  columns  to  find  total  ounces  of 
proteins  and  total  number  of  calories. 

Note:  Our  main  concern  is  with  the 
building  material  (protein)  and  .the 
heat  and  energy  units  (calories).  The 
protein  must  be  recorded  in  ounces,  but 
since  the  fats  and  carbohydrates  are 
chiefly  responsible  for  the  fuel  values,  it 
is  necessary  to  record  only  the  calories. 
The  weights  of  the  fats  and  carbohy¬ 
drates  are  given  in  the  food  table  in  or¬ 
der  that  we  may  know  which  of  the  fuel 
nutrients  is  mostly  responsible  for  the 
fuel  value. 
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Diagram:  None  is  needed  other  than 
the  completed  totaled  list. 

Conclusion:  Answer  the  question. 

Practical  application:  If  we  know  the 
value  of  the  food  we  actually  eat,  we  can 
easily  compare  it  with  the  food  values 
we  should  receive  daily,  and  modify  our 
diet  to  meet  our  bodily  needs. 

Experiment  137  (Home) 

Question:  How  can  I  modify  my 
daily  diet  so  that  my  food  will  more 
nearly  meet  my  daily  body  require¬ 
ments? 

Materials:  Personal  Food  Table, 
pages  394-400;  your  own  food  list  pre¬ 
pared  in  Experiment  136;  a  ruled  form 
as  in  Experiment  136  for  recording 
your  results. 

Directions:  (a)  Study  the  high-school 
student’s  dietary  which  is  given  below. 


ORDINARY  DAILY  DIETARY  OF  A  HIGH-SCHOOL  STUDENT 


Number  of 
Portions 

Food  Eaten 

Ounces  of 
Protein 

Number  of 
Calories 

1 

Breakfast: 

Oranges . 

.04 

75.0 

1 

Coffee . 

.01 

53.0 

1 

Bread  and  butter . 

.22 

275.0 

1 

Omelet . 

.48 

296.0 

3 

Lunch : 

Beef  sandwiches . 

1.17 

827.4 

1 

Oranges . 

.04 

75.0 

1 

Chocolate  candy . 

.01 

90.0 

1 

Dinner: 

Lamb  chops . 

.43 

210.0 

1 

Potatoes,  mashed . 

.09 

100.4 

1 

Peas . 

.09 

66.6 

1 

Lettuce . 

.01 

5.6 

1 

Pineapple  cheese . 

.60 

280.6 

1 

Crackers,  soda . 

.10 

120.3 

1 

Apple  pie . 

.29 

282.8 

1 

Milk . 

.20 

121.9 

Total . 

3.78 

2879.6 

402 


THE  SCIENCE  OF  KEEPING  FIT 


( b )  Note  what  changes  the  student 
made  in  modifying  the  ordinary  daily 
diet  to  conform  more  nearly  to  daily 
body  requirements  as  shown  in  the  chart 
below. 

(c)  Make  such  changes  in  your  own 
dietary  from  Experiment  136  as  will 
make  it  approximately  what  you  should 
have  daily  in  ounces  of  protein  and 
number  of  calories. 

Conclusion:  Tell  what  changes  in  pro¬ 
tein  and  in  fuel  value  you  have  made. 

Practical  application:  After  a  few 
days’  practice  in  arranging  your  diet  by 
the  help  of  your  knowledge  and  the  per¬ 
sonal  food  table,  the  habit  of  eating 
proper  amounts  of  the  right  kinds  of 
food  will  be  easily  acquired. 


Experiment  138  (Home) 

Question:  How  can  I  select  a  bal¬ 
anced  ration  or  dietary? 

Materials:  Personal  Food  Table;  a 
page  ruled  for  use  as  in  Experiment  136. 

Directions:  Note  1:  It  was  deter¬ 
mined  by  Professor  Russell  Chittenden 
in  his  laboratories  at  Yale  University 
that  an  adult  person  doing  moderate 
work  should  have  in  his  food  daily: 

JL  of  an  ounce  of  protein  for  each 
pound  he  weighs,  plus  enough  fat  and 
carbohydrate  to  provide  2500  to  3000 
calories  for  heat  and  energy. 

What  would  be  the  daily  food  re¬ 
quirement  in  protein  and  in  calories  for 
a  man  weighing  160  lb.? 


MODIFIED  DAILY  DIETARY 


Number  of 
Portions 

Food  Eaten 

• 

Ounces  of 
Protein 

Number  of 
Calories 

1 

Breakfast: 

Oranges . 

.04 

75.0 

1 

Rice . 

.11 

127.5 

1 

Cocoa . 

.11 

123.0 

1 

Dry  toast . 

.06 

44.4 

1 

Butter . 

.05 

112.7 

1 

Lunch : 

Bean  soup . 

.38 

182.8 

2 

Lettuce-and-mayonnaise 

sandwiches . 

.44 

428.4 

1 

Dates . 

.04 

176.6 

1 

3  O’clock  Lunch: 

Lemonade . 

•  •  •  • 

78.1 

1 

Dinner: 

Cream  of  celery  soup . 

.11 

124.8 

1 

Breast  of  veal . 

.38 

104.8 

1 

Baked  potatoes . . 

.10 

98.1 

1 

Green  peas . 

.13 

103.2 

1 

Salad,  string  bean . 

.01 

95.7 

1 

Bread  and  butter . 

.22 

275.0 

1 

Pudding,  floating  island . 

.15 

118.8 

1 

Whole  milk . 

.20 

121.9 

Total . 

2.53 

2390.8 

Note  2:  A  growing  child  of  high- 
school  age,  although  he  does  not  weigh 
so  much,  needs  as  much  food  as  the 
160-lb.  man.  Why? 

(a)  Taking  into  account  that  meals 
must  contain  attractive,  palatable  dishes 
and  a  sufficient  variety,  make  up  on 
your  prepared  form,  with  the  help  of  the 
Personal  Food  Table,  a  dietary  for  one 
day  which  will  approximately  provide 
protein  and  calories  as  follows: 

Breakfast  .75  oz.  protein  750  calories 
Luncheon  .75  oz.  protein  750  calories 
Dinner  1.00  oz.  protein  1000  calories 

Total  2.5  oz.  protein  2500  calories 

Conclusion:  Tell  what  difficulties  you 
have  in  making  the  proper  balance. 
Does  the  protein  tend  to  run  high  and 
the  calories  low?  What  foods  were  most 
helpful  to  you  in  making  necessary 
changes  in  protein  and  in  number  of 
calories? 

Practical  application:  While  it  is  not 
expected  or  hoped  that  all  high-school 
students  will  become  expert  dietitians, 
it  is  most  important  that  everyone 
should  become  somewhat  familiar  with 
the  uses  of  different  foods  and  know 
how  diet  can  be  modified  to  meet  indi¬ 
vidual  requirements. 

Experiment  139  (Home,  Optional) 

Question:  How  can  I  calculate  the 
personal  food  needs  for  the  different 
members  of  my  family? 

Note:  Charitable  institutions  often 
have  occasion  to  calculate  the  approxi¬ 
mate  food  requirements  for  needy  fam¬ 
ilies. 

This  is  done  by  taking  the  food  re¬ 
quirements  of  a  man  at  moderate  work 
(2.5  oz.  protein  and  2500  calories)  and 
multiplying  these  requirements  by  the 
factor  which  meets  the  condition,  as  in 
the  opposite  table. 


Ewing  Galloway,  N.Y. 


For  the  office  worker,  or  person  do¬ 
ing  work  that  requires  little  physical 
effort,  a  light  meal  at  noon  is  prefer¬ 
able  to  a  heavy  meal 

Factor 


Man,  period  of  full  vigor: 

At  moderate  work .  1.0 

At  hard  work .  1.6 

In  sedentary  occupation . 8 

Woman,  period  of  full  vigor: 

At  moderate  work . 8 

At  hard  work . . .  .9 

In  sedentary  occupation .  .7 

Man  or  Woman: 

In  old  age . 8 

In  extreme  old  age . 7 

Boy,  15—16  years . 9 

13—14  years . 8 

11—13  years . 7 

10—11  years . .6 

Girl,  15-16  years . 8 

13—14  years . 7 

10—13  years . 6 

Child,  6—9  years . 5 

2—6  years . 5 

Under  2  years . 4 
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Example:  A  man  at  hard  work  needs 
1.6  more  food  than  a  man  at  moderate 
work.  1.6  times  2.5  oz.  protein  equals  4 
oz.  protein  and  1.6  times  2500  equals 
4000  calories. 

Therefore,  a  man  at  hard  work  needs 
4  oz.  protein  per  day  and  enough  fuel  and 
energy  foods  to  yield  4000  calories. 

Materials :  Ruled  dietary  blanks;  Per¬ 
sonal  Food  Table,  pages  394—400;  table 
given  in  this  experiment. 

Directions:  (a)  Calculate  how  much 
protein  and  how  many  calories  each 
member  of  your  family  needs.  Then,  by 
using  the  Personal  Food  Table,  you  can 
proceed. 

( b )  Make  up  a  suitable  balanced 
daily  dietary  for  each  member  of  your 
family. 

Caution:  You  must  always  remember 
that  variety ,  fitness ,  palatability,  and 
balance  must  be  considered. 

Diagram:  None  needed. 

Conclusion:  Answer  the  question. 

Practical  application:  It  has  been 
found  that,  if  you  wish  to  effect  the 
strictest  economy,  it  is  not  necessary  to 
plan  1.25  lb.  of  protein  for  each  mem¬ 
ber  of  the  family  each  week.  By  learn¬ 
ing  to  calculate  the  requirements  of 
your  family,  you  can  often  save  money. 

Note  :  Remember  always  that  the  die - 
tetic  studies  in  this  book  are  for  the 
purpose  of  giving  us  a  better  knowledge 
of  the  requirements  of  our  bodies  and 
the  nature  of  our  food.  In  case  of  diges¬ 
tive  troubles ,  consult  the  expert ,  the 
family  physician. 

Experiment  140 

Question:  How  to  test  for  nutrients 
in  foods. 

Materials:  Starch;  glucose  or  corn 
sirup;  white  of  egg;  a  little  butter;  var¬ 
ious  foods  such  as  bread,  jelly,  meat, 
ice  cream,  nuts;  iodine  solution;  Fehl- 
ing  s  solution;  nitric  acid;  ammonia; 
test  tubes;  Bunsen  burner. 


Directions :  (a)  To  a  little  water  in  a 
test  tube  add  a  little  starch;  shake;  add 
a  drop  of  iodine;  note  the  color  change. 

(6)  To  half  a  test  tube  of  water  add 
a  little  glucose;  then  add  some  Fehling’s 
solution;  shake;  boil;  note  color 
changes. 

(c)  Place  the  white  of  hard-boiled 
egg  (protein)  in  a  test  tube;  cover  with 
nitric  acid;  warm;  note  color;  pour  off 
acid;  add  ammonia;  note  color. 

(d)  Smear  a  tiny  bit  of  butter  (fat) 
on  a  piece  of  absorbent  paper  and  hold 
it  for  a  moment  over  heat;  then  hold  it 
toward  the  light. 

(e)  Perform  the  four  tests  on  vari¬ 
ous  foods  provided. 

Results:  Draw  up  a  table  showing  re¬ 
sults. 

Conclusions:  Answer  the  question 
given  in  this  experiment. 

Experiment  141 

Question:  How  can  I  tell  whether  an 
egg  is  fresh? 

Materials:  Eggs;  10  per  cent  solution 
of  table  salt;  large  bowl;  candle;  black 
cardboard  or  paper. 

Directions:  (a)  Place  the  egg  in  the 
salt  solution.  An  egg  that  floats  is  not 
fresh. 

(b)  Cut  a  round  hole  in  the  card¬ 
board  just  too  small  for  the  egg  to  go 
through.  Light  the  candle  and  darken 
the  room.  Put  the  egg  into  the  hole  in 
the  cardboard  and  hold  toward  the  light. 
A  fresh  egg  will  appear  pink  and  evenly 
translucent.  Dark  spots  or  too  great 
opacity  show  that  the  egg  is  not  fresh. 

Results:  Draw  up  a  table  of  your  re¬ 
sults. 

Conclusions :  Answer  the  question  for 
this  experiment. 

Experiment  142 

Question:  How  can  some  food  adul¬ 
terations  be  detected? 


FEEDING 

Materials:  Ground  coffee;  butter; 
olive  oil;  cottonseed  or  other  salad  oil; 
milk;  nitric  acid;  spoon;  beaker;  wa¬ 
ter;  2  test  tubes;  Bunsen  burner;  for¬ 
maldehyde;  hydrochloric  acid;  ferric 
chloride. 

Directions:  (a)  Spread  a  little  coffee 
over  the  surface  of  water  in  a  beaker. 
Let  it  stand  for  5  minutes.  The  coffee 
will  float. 

( b )  Heat  some  butter  in  a  spoon.  If 
it  sputters  and  has  little  foam,  it  is  a 
butter  substitute. 

(c)  Put  about  5  c.c.  of  olive  oil  into 
a  test  tube  and  an  equal  quantity  of  cot¬ 
tonseed  or  other  salad  oil  into  another 
test  tube.  Add  about  5  c.c.  of  nitric  acid 
and  shake.  Olive  oil  turns  dark  green  in 
a  few  minutes. 

( d )  Formaldehyde,  a  poison,  has 
often  been  used  to  preserve  milk.  The 
following  test  shows  how  it  may  be  de¬ 
tected  in  milk.  Place  10  c.c.  of  milk  in 
beaker  No.  1.  Add  a  few  drops  of  for¬ 
maldehyde.  Place  10  c.c.  of  milk  in 
beaker  No.  2.  To  20  c.c.  of  hydrochloric 
acid  add  a  drop  of  ferric  chloride,  and 
then  add  half  of  the  mixture  to  each 
beaker  containing  milk.  Mix  thoroughly. 
Set  beakers  in  a  pan  containing  boiling 
water  and  heat  for  5  minutes.  A  laven¬ 
der  color  shows  the  presence  of  formal¬ 
dehyde. 

Observations :  Draw  up  a  table  show¬ 
ing  results. 

Conclusions :  Answer  the  question  for 
the  experiment. 

Experiment  143 

Question:  How  does  alcohol  affect 
proteins  and  living  protoplasm? 

Materials:  White  of  egg;  a  culture  of 
paramecium;  alcohol;  2  test  tubes;  mi¬ 
croscope  slides;  cover  glasses. 

Directions :  (a)  Half  fill  test  tube  No. 
1  with  water  and  No.  2  with  alcohol. 
Add  to  each  a  part  of  the  white  of  egg. 
Note  what  happens  in  each  test  tube. 
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( b )  Examine  a  drop  of  the  para¬ 
mecium  under  the  microscope.  With  a 
glass  rod  or  a  medicine  dropper  place 
a  drop  of  alcohol  at  one  edge  of  the 
cover  glass,  and  with  a  bit  of  blotter 
draw  off  a  little  of  the  water  from  the 
opposite  side  of  the  cover  glass.  Note 
the  effect  on  the  activity  of  the  para¬ 
mecium  and  on  the  activity  of  the  pro¬ 
toplasm. 

Results:  Set  up  a  table  showing  re¬ 
sults. 

Conclusion:  Answer  the  question. 
Experiment  144 

Question:  Does  our  food  contain  car¬ 
bon? 

Materials:  Test  tube  fitted  with  one- 
hole  stopper  bearing  a  glass  tube;  test 
tube  of  limewater;  bread;  Bunsen 
burner. 

Directions:  Place  a  bit  of  bread  in 
the  test  tube.  Fit  in  the  stopper.  Place 
the  end  of  the  delivery  tube  in  lime- 
water  in  the  second  test  tube.  Heat  until 
the  bread  burns.  Note  what  happens  to 
the  limewater.  Compare  the  result  with 
that  obtained  by  exhaling  (blowing  out 
your  breath)  through  a  glass  tube  into 
a  second  test  tube  containing  the  lime- 
water. 

Results:  1.  What  is  the  black  sub¬ 
stance  left  in  the  test  tube? 

2.  Do  you  notice  any  deposit  on  the 
cooler  parts  of  the  test  tube? 

3.  What  happened  to  the  limewater  in 
the  test  tube? 

Conclusions :  1.  A  deposit  of  water  on 
the  cooler  sides  of  the  test  tube  would 
indicate  the  presence  of  what  substance 
in  the  bread?  2.  A  milkiness  in  the 
limewater  indicates  what  substance 
passing  through  the  glass  tube?  3.  How 
could  this  substance  be  formed  in  the 
experiment?  4.  What  substance  in  the 
bread  is  responsible  for  this  forma¬ 
tion? 


Chapter  Fifty-three 

Digesting  and  Distributing 


Why  digestion.  Suppose  that 
you  could  find  no  bricks  with  which 
to  build  a  new  house  except  those  in 
an  old  house.  You  would  need  to  tear 
down  the  old  house  to  get  the  bricks 
and  then  build  your  new  house.  In 
building  our  bodies  we  are  in  a  some¬ 
what  similar  position.  We  can  find 
no  food  except  that  which  is  part  of 
the  bodies  of  plants  or  animals.  We 
eat  parts  of  plants  and  animals.  Our 
digestive  systems  tear  down  the  plant 
and  animal  bodies  and  get  out  the 
building  material  for  our  own  use. 
Our  bodies  and  cows’  bodies  are 
made  largely  of  proteins  but  not  of 
exactly  the  same  kinds  of  proteins. 
Our  digestion  takes  the  cow  proteins 
to  pieces,  and  our  bodies  build  up 
again  human  proteins  out  of  the 
pieces.  Digestion  thus  reduces  com¬ 
plex  substances  to  simpler  sub¬ 
stances  for  use  in  the  body. 

Digestion  must  also  turn  food  into 
a  liquid.  A  solid  in  the  intestines  can¬ 
not  get  into  the  blood  stream  to  go 
around  in  the  body.  Only  liquids  can 
be  absorbed.  Proteins  are  insoluble 
(will  not  dissolve),  but  the  simpler 
substances  made  from  them  in  diges¬ 
tion  will  dissolve.  Similarly  starch 
will  not  dissolve,  and  therefore  it 
cannot  be  absorbed.  Digestion 
changes  starch  into  grape  sugar 
which  does  dissolve  and  is  absorbed 
from  the  digestive  organs.  Fats,  too, 


do  not  dissolve  in  water,  but  diges¬ 
tion  changes  them  into  glycerine, 
fatty  acids,  and  soaps  which  will  dis¬ 
solve,  and  they  are  absorbed  by  the 
walls  of  the  intestine.  By  digestion  is 
meant  the  process  of  chemically 
changing  and  dissolving  the  food. 

How  foods  digest.  The  first  step 
in  digestion  is  breaking  up  the  food 
into  small  pieces  so  that  the  digestive 
fluids  can  easily  reach  the  material. 
This  is  the  work  of  the  teeth.  When 
you  bolt  your  food,  you  force  the 
work  of  the  teeth  upon  the  stomach. 

The  chemical  changes  of  diges¬ 
tion,  as  from  starch  to  sugar,  are  pro¬ 
duced  by  certain  substances  called 
enzymes,  or  ferments.  There  are  sev¬ 
eral  kinds  of  enzymes  in  the  digestive 
system.  Each  enzyme  acts  on  one 
kind  of  food.  Thus  an  enzyme  in  the 
mouth  acts  upon  starch,  another  in 
the  stomach  on  proteins,  others  in  the 
intestine  act  on  starch,  proteins,  and 
fat.  The  enzymes  are  manufactured 
in  glands. 

[The  saliva  poured  into  the  mouth 
by  three  pairs  of  glands  contains  the 
enzyme  ptyalin.  This  is  the  enzyme 
that  changes  starch  to  glucose,  or 
grape  sugar.  Chewing  the  food  well 
gives  the  enzyme  a  chance  to  pene¬ 
trate  the  mass  of  food  and  do  its 
work.  When  the  food  has  been  rolled 
into  balls  by  the  teeth  and  tongue 
and  thoroughly  wetted  by  the  saliva, 
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it  passes  through  the  esophagus  and 
into  the  stomach.  With  every  swal¬ 
low  the  windpipe  closes  up  against 
a  little  lid,  the  epiglottis ,  keeping  the 
food  out  of  the  air  passage. 

The  walls  of  the  stomach  have 
layers  of  muscle  which  keep  the  food 
slowly  churning  around.  Minute 
glands  in  the  stomach  walls  pour  in 
gastric  juice,  which  contains  the  en¬ 
zyme  pepsin  and  hydrochloric  acid. 
The  proteins  are  changed  to  simpler 
substances  called  peptones ,  but  are 
not  completely  digested.  When  the 
food  has  been  liquefied  and  acidi¬ 
fied,  a  small  opening  (the  pylorus) 
at  the  lower  end  of  the  stomach  opens 
for  a  moment  and  a  little  of  the  liquid 
food  passes  into  the  small  intestine. 

In  the  small  intestine  the  food  re¬ 
ceives  further  treatment.  A  great 
gland,  the  pancreas,  pours  in  pancre¬ 
atic  juice  and  the  liver  pours  in  bile. 
The  bile  makes  the  food  alkaline.  An 
enzyme  in  the  pancreatic  juice  com¬ 
pletes  the  digestion  of  proteins.  An¬ 
other  digests  starch,  changing  it  to 
glucose.  A  third  enzyme  in  the  pan¬ 
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Villi  in  the  small  intestine,  magnified  125 
times.  These  fingerlike  projections 
absorb  digested  food  in  the  intestines. 
The  drawing  shows  a  villus  in  detail 


creatic  juice  digests  the  fats.  Other 
minute  glands  along  the  intestines 
pour  in  intestinal  juices  which  aid 
in  the  digestion  of  all  three  kinds  of 
food.  An  enzyme  (invertase)  in  these 
intestinal  juices  digests  cane  sugar, 
making  grape  sugar  from  it.] 

Absorption.  The  small  intestine 
is  especially  fitted  for  the  absorption 
of  food.  It  is  much  longer  than  the 
body,  about  20  feet  long  in  a  man. 
Its  inner  surface  is  raised  in  folds 
and  has  innumerable  minute  pro¬ 
jections  known  as  villi.  The  great 
length,  the  folds,  and  the  projections 
increase  the  surface  through  which 
the  digested  food  may  be  absorbed. 
Absorption  is  accomplished  by  the 
process  of  osmosis. 

The  digested  starches,  the  sugars, 
and  the  proteins  are  taken  up  by  the 
minute  blood  vessels  in  the  walls  of 
the  intestines  and  carried  away  by 
the  blood.  The  digested  fats  are  taken 
away  from  the  intestines  by  a  differ- 
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ent  set  of  vessels,  the  lacteals.  They 
unite  to  form  a  great  vessel,  the  thor¬ 
acic  duct,  that  empties  into  a  large 
vein  near  the  heart. 

The  large  intestine  is  chiefly  a 
place  of  temporary  storage  for  indi¬ 
gestible  portions  of  the  food.  Here 
the  refuse  is  retained  until  expelled 
from  the  body.  It  is  very  necessary 
that  elimination  take  place  regularly 
from  the  large  intestine.  If  it  is  too 
long  delayed,  water  is  absorbed 
from  the  large  intestine  and  the 
elimination  is  much  more  difficult. 
Decay  also  takes  place,  releasing 
poisonous  substances  that  are  car¬ 
ried  by  the  blood  throughout  the 
body.  A  feeling  of  fatigue,  head¬ 
ache,  and  general  debility  (weak¬ 
ness)  is  often  due  to  such  poisons 
in  the  body. 

Taking  care  of  digestion.  To 
judge  from  the  display  of  advertis¬ 
ing  in  street  cars  and  store  windows, 
the  country  has  a  stomachache  along 
with  its  headache.  Except  in  rare 
cases  digestive  complaints  are  the 
result  of  abuse  through  ignorance  or 
indifference.  Nature  has  made  some 
defective  digestive  systems,  and 
these  need  the  attention  of  the  doc¬ 
tor.  The  other  cases,  the  large  ma¬ 
jority  of  cases,  are  nature’s  punish¬ 
ment  for  abuse. 

The  care  of  digestion  begins  with 
the  selection  of  food.  We  have  stud¬ 
ied  the  general  principles  for  the 
choosing  of  foods.  They  need  to  be 
adapted  to  individual  cases.  If  straw¬ 
berries  cause  a  rash  on  your  skin, 
choose  some  other  kind  of  raw  fruit. 


If  tomatoes  cause  a  disturbance, 
then  omit  tomatoes.  Pies,  sweet 
cakes,  and  candy  in  large  quantities 
sometimes  upset  the  digestive  sys¬ 
tem.  If  so,  they  must  be  reduced  or 
omitted  from  the  diet.  The  taste  is 
not  always  a  good  guide  for  selec¬ 
tion. 

A  common  cause  of  digestive  dis¬ 
turbance  is  too  much  food.  “Stuf¬ 
fing”  at  a  dinner  until  you  feel 
uncomfortable  is  sure  sooner  or  later 
to  bring  its  punishment  of  damage  to 
your  system.  Too  much  not  only  over¬ 
loads  the  digestive  organs  but  leaves 
a  mass  of  material  in  the  intestines 
as  food  for  the  bacteria  of  putrefac¬ 
tion  and  fermentation.  The  decay  of 
food  by  these  bacteria  produces  gas 
and  poisonous  substances  that  are 
absorbed  and  carried  through  the 
body.  The  feeling  of  sluggishness 
and  fatigue  that  sometimes  comes 
over  one  may  be  due  to  these  poisons. 
Cleaning  out  the  intestines  makes 
one  feel  full  of  life  again. 

Evacuation  of  the  intestines  regu¬ 
larly  every  day  is  absolutely  neces¬ 
sary  for  health  and  good  spirits. 
Fresh  fruits  and  vegetables  are  great 
aids  to  the  intestines  in  this  respect. 
Concentrated  foods,  such  as  corn¬ 
starch,  rice,  bread,  are  less  stimu¬ 
lating  to  the  intestines.  Exercise  in 
the  open  air  every  day  is  an  excellent 
stimulus.  Hiking,  swimming,  and  all 
the  games  that  make  one  breathe 
deeply  and  work  the  large  muscles 
of  the  abdomen  are  the  best.  Occa¬ 
sionally  a  cathartic  medicine  may  be 
necessary,  but  if  there  is  occasion  to 
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This  man  cleans  all  the  surfaces  (1)  and  (2)  of  his  teeth  with  a  sturdy 
brush.  He  brushes  his  upper  teeth  down  and  his  lower  teeth  up 


use  it  often,  one  is  not  living  properly 
or  there  is  some  defect  that  needs 
medical  care. 

Care  of  the  teeth.  Civilization 
seems  to  be  hard  on  teeth.  Few  indeed 
are  the  persons  among  us  who  have 
not  defective  teeth.  Not  only  poor  di¬ 
gestion,  but  illness  of  various  kinds 
results  from  diseased  teeth.  Bacteria 
in  abscesses  about  the  gums  poison 
the  whole  body.  Rheumatism,  aches 
of  various  kinds,  fatigue,  and  ill 
health  may  arise.  Removal  of  dis¬ 
eased  teeth  has  brought  prompt  re¬ 
lief  from  such  ills.  The  first  care  of 
the  teeth  involves  the  diet,  especially 
in  young  children.  Deficiency  of 
minerals  and  vitamins  results  in  de¬ 
fective  teeth  and  future  suffering. 
The  next  care  involves  the  proper 
and  frequent  use  of  the  toothbrush. 
Teeth  should  be  scrubbed  twice  or 
three  times  a  day,  preferably  after 
each  meal.  Never  go  to  bed  with  dirty 


teeth.  Bacteria  will  have  a  good 
chance  to  do  their  evil  work  before 
morning.  The  toothbrush  and  tooth 
powder  should  be  of  the  right  kinds. 
The  toothbrush  should  be  made  so 
that  it  will  reach  the  crevices  between 
the  teeth  on  both  the  inside  and  the 
outside  surfaces.  A  brush  of  medium 
hardness  is  best.  Tooth  powder  is  as 
necessary  for  cleaning  the  teeth  as  is 
soap  for  the  hands.  Soap  is  one  of 
the  ingredients  of  tooth  powder.  Of 
the  great  number  of  tooth  pastes  and 
tooth  powders  on  the  market,  some 
are  good  and  some  harmful  to  the 
teeth.  Your  dentist  will  advise  you 
which  to  use. 

In  brushing  your  teeth  think  about 
what  you  are  doing.  You  are  trying 
to  reach  every  crevice  and  scrape  out 
all  remaining  bits  of  food.  Brush 
the  upper  teeth  downward,  starting 
brush  stroke  on  the  gums.  Brush 
the  lower  teeth  upward,  starting  on 
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Sally  Pepper 

Photomicrograph  of  hlood  showing  red  corpuscles  (grouped  in  strings)  and 
white  corpuscles 


the  gums.  Brush  both  the  outer  and 
the  inner  faces  of  the  teeth. 

The  body’s  delivery  system. 
Water  transportation  carries  the  food 
and  other  substances  around  the 
body.  The  blood  is  mostly  water. 
Over  a  gallon  of  blood  (about  5i 
quarts)  goes  through  a  man’s  heart 
every  quarter  of  a  minute  during 
rest  and  twice  that  or  more  during 
exercise.  The  liquid  part,  the  plasma , 
carries  the  red  corpuscles  and  white 
corpuscles  and  many  dissolved  sub¬ 
stances.  The  white  corpuscles  are 
carried  to  places  in  the  body  where 
bacteria  have  entered  and  there  they 
do  their  work  of  eating  bacteria.  The 
red  corpuscles  carry  the  oxygen  to 
the  cells  that  demand  it.  Food  is  car¬ 
ried  dissolved  in  the  blood.  Waste 
matters  also  are  carried  dissolved  to 
the  organs  that  cast  them  out  of  the 
body.  Moving  from  the  deep-seated 
organs  to  the  surface,  blood  also  car¬ 
ries  heat  to  skin  and  extremities. 

The  power  house  of  the  transport 
system  is  the  heart .  It  is  a  great  hol¬ 
low  muscle  that  at  regular  intervals 


contracts  and  squeezes  the  blood 
suddenly  out  into  the  arteries.  Little 
flaps  of  tissue  form  valves  that  pre¬ 
vent  the  blood  from  flowing  the 
wrong  way.  The  colored  illustration 
on  page  411  shows  the  route  of  the 
blood  through  the  four  chambers 
of  the  heart. 

An  artery  leaving  the  right  side  of 
the  heart  carries  the  blood  to  the 
lungs.  The  artery  branches  and 
branches  again  until  the  blood  flows 
through  minute  blood  vessels,  the 
capillaries.  Through  the  very  deli¬ 
cate  walls  of  the  lung  capillaries, 
carbon  dioxide  passes  out  from  the 
blood  to  the  air  chambers  of  the 
lungs.  From  the  air  chambers  oxy¬ 
gen  passes  into  the  blood.  The  capil¬ 
laries  unite  to  form  veins  which  carry 
blood  with  its  oxygen,  to  the  heart. 

Once  back  in  the  heart,  this  time  in 
the  left  side,  the  blood  gets  another 
vigorous  pump  that  sends  it  out 
through  the  greatest  artery  of  the 
body,  the  aorta ,  on  its  journey 
through  the  body.  On  its  way  out 
some  of  the  blood  is  sent  on  a  side 
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journey  through  the  kidneys  to  de¬ 
liver  waste  material  for  casting  out 
of  the  body.  The  rest  of  the  blood 
passes  on  to  deliver  the  oxygen  and 
food  to  the  cells  throughout  the  body. 
The  arteries  branch  and  rebranch 
until  once  more  the  blood  is  flowing 
through  delicate-walled  capillaries. 
These  walls  are  so  thin  that  the  hun¬ 
gry  cells  outside  readily  draw  away 
the  oxygen  from  the  red  corpuscles, 
and  the  food  dissolved  in  the  blood. 
Carbon  dioxide  and  other  wastes  are 
taken  by  the  blood  away  from  the 
cells.  The  capillaries  unite  again  to 
form  veins  that  carry  the  blood  back 
to  the  heart.  The  circulation  from  the 
left  side  of  the  heart  to  the  body  cells 
and  back  to  the  right  side  of  the  heart 
is  called  the  systemic  circulation. 

Some  of  the  blood  goes  to  the  in¬ 
testines  to  gather  up  the  dissolved 
food.  Circulating  through  the  capil- 

Diagram  of  the  heart.  Why  is  the 
right  side  in  blue  and  the  left  in  red? 
At  right,  circulation  of  the  blood 
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laries  in  the  intestinal  wall,  the  blood 
receives  the  food  as  it  passes  through 
the  walls  of  the  intestines.  Leaving 
the  intestinal  wall,  the  blood  bearing 
the  food  goes  first  to  the  liver.  There 
the  veins  break  up  into  capillaries. 
Liver  cells  draw  out  sugar  from  the 
blood  and  store  it  away  for  future 
use.  Liver  cells  also  aid  us  by  draw¬ 
ing  from  the  blood  certain  poisonous 
substances. 

Once  out  of  the  liver  the  blood 
rushes  on  back  through  great  veins 
to  pour  into  the  right  side  of  the 
heart.  The  entire  journey  around  the 
body  from  the  heart  through  the 
lungs  and  back,  and  then  out  to  feed 
the  tissues  and  back  again,  takes  less 
than  a  quarter  of  a  minute. 


LUNGS 
HEART 

rh  DIAPHRAGM 
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[The  circulation  of  the  blood 
through  the  lungs  is  known  as  pul¬ 
monary  circulation.  The  pulmonary 
artery  carries  the  dark-colored  blood 
bearing  carbon  dioxide  to  the  lungs. 
The  pulmonary  veins  bring  back 
the  red,  oxygenated  blood  to  the 
heart.  The  oxygen  unites  with  a  sub¬ 
stance  in  the  red  corpuscles  called 
hemoglobin  to  form  a  chemical  com¬ 
pound,  and  as  such  is  carried  to  the 
cells  that  are  hungry  for  oxygen. 

The  circulation  through  the  kid¬ 
neys  is  often  called  the  renal  (kid¬ 
ney)  circulation.  The  cells  of  the  kid¬ 
neys  take  from  the  blood  a  number  of 
different  waste  compounds.  Among 
them  are  nitrogenous  wastes  from 
broken-down  protoplasm  and  from 
protein  of  the  food. 

The  circulation  through  the  liver 
is  the  portal  circulation.  Liver  cells 
take  from  the  blood  glucose  or  grape 
sugar  that  is  not  needed  by  the  cells 
in  other  parts  of  the  body.  They 
change  the  glucose  to  a  new  kind  of 
sugarlike  substance  called  liver 
sugar ,  or  glycogen.  When  the  cells  of 
the  body  have  used  up  their  supply 
of  sugar,  the  liver  cells  change  the 
liver  sugar  again  to  glucose,  and  the 
blood  carries  it  away  to  the  cells 
that  need  it.  The  liver  cells  also  take 
away  poisons,  changing  them  to 
harmless  wastes  which  the  blood 
takes  and  carries  to  the  kidney  cells]. 

Experiment  145 

Question:  How  does  saliva  change 

starch? 

Materials:  Starch;  iodine;  Fehling’s 
Summon;  test  tubes;  Bunsen  burner. 


Directions:  (a)  Boil  some  starch  for 
a  minute.  Then  test  portions  with  iodine 
and  with  Fehling’s  solution.  See  Experi¬ 
ment  140. 

( b )  Collect  some  saliva  from  the 
mouth.  Test  with  Fehling’s  solution. 

(c)  Mix  a  little  boiled  starch  with 
saliva  in  a  test  tube.  Set  aside  for  10 
minutes  in  a  beaker  of  water  at  about 
90°  F.  Then  test  with  Fehling’s  solu¬ 
tion. 

Results:  Draw  up  a  table  showing  each 
step,  the  reason  for  it,  and  the  results. 

Conclusion:  Answer  the  question. 

Plants  also  digest  food.  Sprout  some 
grains  of  corn  in  wet  sawdust.  Test 
some  other  grains  of  corn  for  starch 
and  for  glucose.  Then  test  the  sprouted 
grains  for  each  substance. 

Demonstration 

Microscopic  Appearance  of  Blood . 

Sterilize  the  tip  of  a  finger  and  a  needle 
with  alcohol.  Prick  the  finger  tip  and 
squeeze  out  a  drop  of  blood.  Smear 
thinly  along  a  microscope  slide  and  ex¬ 
amine  under  a  microscope. 

Demonstration 

Circulation .  Wrap  a  goldfish  or  a 
tadpole  loosely  in  wet  cotton.  Lay  it  on 
a  microscope  slide  and  examine  the  tail 
under  the  microscope.  The  red  cor¬ 

puscles  may  be  seen  traveling  through 
the  capillaries.  Do  not  keep  the  fish  or 
tadpole  too  long  wrapped  in  the  cotton. 
Return  it  to  the  aquarium  and  use  an¬ 
other. 

Think  and  Recall 

What  freight  is  loaded  and  unloaded 
at  each  station  of  the  body’s  transporta¬ 
tion  system? 

1.  Head  4.  Intestine 

2.  Lung  5.  Liver 

3.  Kidney  6.  Feet 


Chapter  Fifty-four 

Control  of  the  Body 


How  the  body  cells  are  gov¬ 
erned.  Did  you  ever  accidentally 
touch  a  hot  pipe?  You  did  not  stop 
to  reason  that  it  was  wise  to  move 
away.  You  jumped  first  and  thought 
about  it  afterward.  If  a  dentist  hits  a 
“hot  spot”  in  your  tooth,  you  prob¬ 
ably  start  in  spite  of  all  your  will 
power.  There  is  a  part  of  your  nerv¬ 
ous  system  always  on  duty.  Even  in 
your  sleep  you  will  move  into  a  more 
comfortable  position  without  wak¬ 
ing.  Such  actions  are  reflex  actions, 
responses  that  are  made  to  irritation 
or  other  stimuli  before  the  sensation 
rising  from  them  reaches  conscious¬ 
ness. 

A  part  of  your  nervous  system 
keeps  your  heart  beating,  your  chest 
expanding  and  relaxing  to  take  in 
air  and  expel  it,  and  your  glands  se¬ 
creting — all  without  your  thinking 
about  it.  This  part  is  called  the  sym¬ 
pathetic  or  autonomic  system.  It  is 
fortunate  that  a  part  of  the  nervous 
system  takes  care  of  these  bodily 
actions.  Without  such  unconscious 
control,  human  minds  would  never 
have  found  time  to  reason  the  laws 
of  science  and  invent  machines  that 
put  nature’s  forces  under  our  con¬ 
trol. 

Most  wonderful  of  all  is  the  opera¬ 
tion  of  that  part  of  the  nervous  sys¬ 
tem  by  which  we  think.  We  do  not 
understand  what  thought  is  or  by 


what  processes  it  arises,  but  we  know 
much  about  the  organ  in  which  it  oc¬ 
curs.  We  know  that  its  cells  oxidize 
foods  as  do  other  cells,  and  in  their 
activity  electric  changes  take  place 
as  in  other  cells.  Because  of  their 
own  peculiar  constitution,  they  act  in 
their  own  peculiar  way  just  as  muscle 
cells  act  in  their  own  peculiar  way. 

Nerve  cells  and  nerves.  Like 
other  cells,  nerve  cells  are  composed 
of  protoplasm,  part  of  which  is  the 
nucleus.  But  nerve  cells  have  a  very 
peculiar  shape  (shown  in  the  picture 
below).  Long  branches  stretch  out 
from  the  body  of  the  cell.  By  means 

SHORT  BRANCHES 


Nerve  cells.  The  branches  pass  the 
stimulus  to  other  nerve  cells.  Bundles 
of  long  branches  make  up  the  nerves 
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of  the  branches  nerve  cells  connect 
with  other  nerve  cells  and  with  cells 
of  other  kinds,  such  as  muscle  and 
gland  cells.  Bundles  of  branches 
make  up  the  nerves. 

The  sensitive  parts  of  our  sense 
organs — our  eyes,  ears,  tasting  and 
smelling  organs,  and  organs  of  touch 
— are  branches  of  nerve  cells.  Each 
sense  organ  has  cell  branches  with 
end  organs  that  are  sensitive  only  to 
its  own  type  of  disturbance  in  the 
outer  world:  those  in  the  eye  are 
stimulated  by  waves  of  energy  that 
we  call  light;  those  in  the  ear  by  vi¬ 
brations  in  the  air;  certain  cells  in 
the  tongue  by  substances  in  solution ; 
certain  cells  in  the  nose  by  substances 
floating  in  the  air;  certain  cells  in  the 
skin  by  touch  and  others  by  heat  or 
by  cold.  The  nerve  cells  send  long 
branches  through  the  nerves  until  by 
joining  with  other  nerve  cells  they 
eventually  reach  the  brain.  By  such 
arrangements  we  learn  what  goes  on 
in  the  world.  Knowledge  depends 
upon  response  of  nerve  cells  to  stim¬ 
ulus  from  without. 

The  brain.  The  brain  is  made  up 
of  nerve  cells  and  their  branches. 
Nerve  cells  lie  on  the  outer  surface 
of  the  brain,  and  their  branches  to 
other  brain  cells  and  to  cells  in  other 
parts  of  the  body  make  up  the  in¬ 
terior  of  the  brain. 

The  brain  has  several  main  parts. 
The  biggest  part  of  the  brain  of  man 
is  the  cerebrum ,  the  thinking  part.  Its 
cells  receive  messages  from  the  out¬ 
side  world  that  come  by  way  of  the 
sense  organs.  By  the  activity  of  its 


Nerve  pathways:  (1)  the  person  is 
balanced  on  the  piano  stool;  (2) 
heart,  lungs,  and  other  internal  or¬ 
gans  work  without  thought;  (3)  the 
person  sees;  (4)  thinks;  (5)  plays; 
(6)  hears.  Locate  the  centers  and  the 
pathways  involved  in  each  activity 

cells,  we  decide  what  is  sending  in 
the  messages  and  what  we  shall  do. 

The  cerebellum ,  or  “little  brain,” 
relieves  the  thinking  part  of  much 
unnecessary  work.  The  cerebellum 
keeps  us  balanced,  and  it  makes  the 
muscles  act  in  the  right  order  when 
we  do  things;  that  is,  it  coordinates 
movements.  Try  to  think  of  how 
many  muscles  must  contract  and  re¬ 
lax  in  their  right  turn  when  you  walk. 
Perhaps  you  have  seen  what  happens 
when  these  cells  are  poisoned  with 
alcohol.  The  medulla  oblongata 
takes  care  of  actions  within  our 
bodies  that  keep  us  alive:  breathing, 
the  beating  of  the  heart,  swallowing, 
digestion,  and  the  other  phenomena 
of  life. 
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Training  the  nervous  system. 
If  you  do  not  remember  how  difficult 
it  was  to  learn  to  write,  perhaps  you 
remember  how  difficult  it  was  to 
learn  to  skate,  swim,  or  play  tennis. 
Having  once  learned,  you  can  think 
of  other  things  while  you  do  these. 
They  have  become  habits.  Habits  are 
great  time  savers  for  the  brain. 
Habits  also  relieve  you  of  much  an¬ 
noyance.  When  brushing  the  teeth 
after  a  meal  or  taking  a  morning 
bath  has  become  a  habit,  it  is  no 
longer  an  annoyance  that  takes  an 
exercise  of  will  power  to  go  through 
with.  Habits  are  easy  to  form.  It  is 
simply  necessary  to  do  a  thing  over 
and  over  again  until  the  nerve  cells 
have  become  accustomed  to  do  it.  To 
develop  skill  in  doing  things,  it  is 
necessary  that  the  act  be  done  in  ex¬ 
actly  the  right  way  each  time.  A  good 
swimmer  or  a  good  driver  has  forced 
his  nerve  cells  to  act  in  exactly  the 
right  way  until  they  act  without 
thought.  To  become  skilful  one  must 
prevent  every  slovenly  performance 
of  the  act.  Do  it  exactly  right  each 
time.  Even  school  work  can  be  made 
easier  by  doing  a  thing  right  the  first 
time. 

Body  messengers.  The  giants  in 
the  circus  have  grown  to  be  giants  be¬ 
cause  a  little  gland  under  the  brain 
made  too  much  of  a  certain  chemical 
substance  that  stimulated  their 
growth.  If  it  makes  too  little,  a  dwarf 
is  produced.  If  there  is  too  little  io¬ 
dine  going  into  the  body,  a  gland  in 
the  neck  (the  thyroid)  works  over¬ 
time  to  produce  more  secretion  that 


also  controls  growth  and  bodily  func¬ 
tions.  The  enlargement  of  this  gland 
is  “goiter.”  When  the  thyroid  gland 
fails  to  work  properly  in  babyhood 
and  early  childhood,  the  child  be¬ 
comes  an  idiotic  dwarf,  known  as  a 
cretin . 

If  you  get  thoroughly  scared  or 
“fighting  mad,”  a  tiny  gland  just 
above  the  kidneys  pours  a  substance 
into  the  blood  that  takes  the  blood 
away  from  your  stomach  and  sends 
it  to  your  heart  and  lungs  so  that  you 
have  more  power  to  fight  or  to  fly. 
There  are  others  of  these  chemical 
substances  produced  in  the  ductless 
(or  endocrine )  glands  that  control 
processes  of  the  body.  All  such 
“chemical  messengers”  are  called 
hormones . 

Taking  care  of  the  eyes.  The 

eye  is  one  of  the  most  delicate  organs 
of  the  body.  We  have  seen  how  it  is 
constructed  (pages  224-225).  We 
depend  so  much  upon  our  eyes  in 
school  and  in  modern  life  that  we 
need  to  consider  their  care  seriously. 
The  blaze  of  lights  in  the  city  and  on 
the  highways  at  night,  the  constant 
demand  for  reading  and  close  work, 
and  even  the  “movies”  are  tempta¬ 
tions  to  abuse  the  eyes.  We  have  seen 
the  general  causes  of  defective  sight 
and  their  remedies  (pages  225-226) . 

An  examination  of  the  eyes  for  de¬ 
fects  of  nature  is  necessary  for  every¬ 
one  who  uses  the  eyes  for  close  work. 
Neglect  may  ruin  the  sight.  Often  in¬ 
digestion,  nervous  and  other  dis¬ 
orders  are  due  to  faulty  vision  left 
uncorrected.  A  pair  of  glasses  has 


relieved  a  farmer  or  a  woodsman  of 
stomach  trouble.  In  modern  school 
systems  the  eyes  of  pupils  are  ex¬ 
amined,  and  often  ways  are  found  to 


Philip  Gendreau,  Harold  M.  Lambert 

Periodic  medical  examinations  reveal 
physical  defects  and  disease.  Correc¬ 
tion  of  defects  is  necessary  for  good 
health.  Properly  fitted  glasses  relieve 
nervous  disorders  as  well  as  eye  strain 
and  fatigue 

provide  glasses  for  those  who  cannot 
afford  them  from  the  limited  fam¬ 
ily  income. 

In  reading  and  writing  one  must 
always  consider  both  the  lighting  j 
and  the  position  of  book  and  paper.  , 
There  must  be  sufficient  but  not  too 
intense  light.  Try  out  the  positions  of 
book  and  light  until  you  get  condi¬ 
tions  “just  right,”  with  no  glare.  1 
(See  also  pages  212-213.) 

How  to  stay  well.  Unless  you 
feel  bursting  with  vigor,  you  are  not  i 
getting  the  most  out  of  life.  The  feel¬ 
ing  of  an  excess  of  good  health  comes 
only  with  good,  healthful  living.  If 
you  are  an  indoor  worker,  you  need 
to  consider  your  health,  or  you  will 
regret  your  neglect.  It  is  not  diffi- 
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Ewing  Galloway,  N.Y.,  The  von  Trotts 

Exercise  in  the  open  air  and  sleep  are 
primary  requisites  for  good  health 


i 

t 


cult  to  stay  healthy  and  vigorous  if 
you  know  how  and  have  will  power 
enough  to  do  as  you  know  you  should 
do.  If  health  slips  away  from  you,  it 
is  often  exceedingly  difficult  to  get 
it  back. 

Through  unnumbered  generations 
man  lived  out  of  doors.  Today  a  large 
part  of  mankind  spends  its  days  shut 
away  from  the  winds  and  the  sun. 
Man’s  body  through  the  ages  of  sav¬ 
agery  became  adjusted  or  adapted  to 
face  sun  and  wind.  In  the  few  cen¬ 
turies  that  he  has  lived  buried  in 
cities,  man’s  body  has  not  changed 
sufficiently  to  maintain  vigorous 
health  indoors.  We  must  get  out 
where  the  sun  and  wind  beat  upon 
us,  and  we  must  work  the  great  mus¬ 
cles  that  make  up  the  biggest  parts  of 
the  body.  Exercise  in  the  open  air  is 
the  first  requisite  for  superb,  vigor¬ 
ous  health. 


I; 


The  next  requisite  is  rest,  sleep, 
and  plenty  of  both.  Nine  hours  each 
night  is  demanded  by  the  body  cells 
of  the  boys  and  girls  of  high-school 
age.  Rest  the  moment  that  you  feel 
tired  and  rest  until  you  feel  rested. 
Fatigue  is  due  to  poisons  gathering 
in  the  body.  If  you  rest,  the  body  gets 
a  chance  to  throw  off  these  poisons, 
oxidizing  them  and  sending  them  out 
through  the  organs  of  excretion.  A 
fatigued  body  is  a  poisoned  body. 

When  the  body  is  fighting  the  poi¬ 
son  of  fatigue,  it  has  less  strength 
left  to  fight  disease  germs  that  are 
continually  entering  through  the 
nose  and  mouth.  You  are  much  more 
subject  to  colds  and  other  diseases 
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when  you  are  fatigued.  If  you  are 
cold  in  addition  to  being  fatigued, 
the  body  has  still  less  strength  to 
fight  the  germs.  A  tired,  cold,  wet 
person  on  a  winter  day  is  easy  prey 
for  germs  of  colds  and  pneumonia. 

The  next  precaution  is  food.  No 
body  can  be  vigorous  if  not  well  fed. 
Filling  the  stomach  several  times  a 
day  is  not  a  guarantee  that  the  body 
is  being  well  fed.  The  principles  of 
diet  that  we  have  studied  are  the 
guide  in  choosing  food. 

One  should  have  any  defects  in  the 
body  corrected.  Eyes,  teeth,  diges¬ 
tive  organs,  limbs,  and  other  parts  of 
the  body  often  have  defects.  Perhaps 
the  defect  is  trifling,  not  at  all  pain¬ 
ful,  but  in  time  it  may  bring  on  seri¬ 
ous  illness.  Defects  left  by  nature  in 
the  body  are  not  always  corrected  by 


The  von  Trotts,  Black  Star 

Cleanliness  protects  the  body  against 
disease.  Covering  a  sneeze  protects 
other  people 

nature.  The  doctor  must  correct  them. 
When  examination  by  your  school 
physician  or  your  family  physician 
reveals  a  defect,  see  that  it  is  cor¬ 
rected  at  the  first  possible  moment 
and  see  that  the  moment  comes  soon. 

The  greatest  triumph  in  modern 
medicine  is  the  conquest  of  infec¬ 
tious  disease.  Science  has  learned 
how  to  protect  us  from  many  germ 
diseases.  Vaccination  and  other  pre¬ 
ventive  treatments  have  banished 
most  of  the  dreadful  plagues  of  the 
Middle  Ages.  We  study  the  methods 
of  prevention  in  Chapter  Fifty-six. 
One  system  in  our  bodies  still  re¬ 
mains  a  weak  spot  for  hostile  germs 
to  attack,  the  lungs  and  breathing 
passages.  Colds,  pneumonia,  and 
tuberculosis  are  among  the  greatest 
causes  of  illness  and  death.  To  fight 
them  we  rely  on  the  vigor  of  our 
bodies  maintained  by  good  food,  ex¬ 
ercise,  and  plenty  of  rest.  Besides 
these  measures  we  must  do  what  we 
can  to  avoid  the  germs.  The  germs 
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steps  on  a  broken  bottle.  There  are 
two  dangers  from  a  cut,  great  loss  of 
blood  and  infection  by  bacteria. 
Even  a  trifling  cut  may  be  infected. 
Clean  every  scratch  by  squeezing  it 
out  and  bathing  with  clean  water, 
preferably  water  that  has  been  boiled 
to  kill  bacteria.  Then  touch  the  cut 
with  iodine  or  other  antiseptic.  If  the 
cut  is  of  any  size,  lightly  bind  on  a 
piece  of  gauze  wet  with  iodine. 

If  the  wound  is  large,  the  bleeding 
must  be  stopped.  A  wad  of  sterile 
gauze  ( gauze  that  is  f  ree  of  bacteria ) 
or  of  cloth  may  be  tied  on.  The 
gauze  or  cloth  may  be  sterilized  by 
boiling  or  by  wetting  with  iodine.  If 
the  blood  comes  out  in  spurts,  an  ar¬ 
tery  has  been  cut.  If  it  does  not  stop 
with  binding,  make  a  tourniquet.  Tie 
a  handkerchief  above  the  bleeding 
cut  and  twist  it  tight  with  a  stick. 
This  will  compress  the  artery  and 
stop  the  blood.  In  a  short  time  loosen 
the  tourniquet  a  little  and,  if  the  blood 


are  thickest  in  crowded,  ill-venti¬ 
lated  places,  street  cars,  poorly  ven¬ 
tilated  theaters,  and  other  places  of 
assemblage.  When  there  is  an  epi¬ 
demic  of  colds  and  pneumonia 
about,  stay  out  of  such  places.  A 
coughing  person  will  load  the  air 
near  by  with  germs. 

The  skin  must  be  kept  clean.  It  is 
our  first  line  of  defense  against  the 
germs  of  disease.  Some  skin  diseases 
and  irritations  are  due  to  lack  of 
cleanliness.  Even  in  winter  our  bod¬ 
ies  perspire.  As  the  perspiration 
evaporates,  it  leaves  behind  the  waste 
products  it  held  in  solution.  They 
eventually  become  ill-odored  and 
may  cause  irritation  of  the  skin, 
which  is  then  subject  to  attack  by 
germs.  The  prevention  is  soap  and 
water,  a  bath  every  day,  and  frequent 
changes  of  underwear.  Aside  from 
the  health  measures,  your  seat  mate 
and  indoor  associates  will  like  you 
better  for  your  cleanliness.  A  cold 
plunge  in  the  lake  or  a  cold  souse  in 
the  tub  is  also  a  valuable  stimulant. 
If  persons  not  in  vigorous  health  find 
a  cold  plunge  too  great  a  tax,  they 
should  not  take  it. 

First  aids.  Suppose  on  a  hike  in 
the  woods  a  knife  slips  and  slashes 
the  leg,  or  some  one  in  swimming 


The  von  Trotta 

Pressure  will  stop 
bleeding  from  an  ar¬ 
tery  or  vein.  The 
tourniquet  is  a  con¬ 
venient  way  to  apply 
steady  pressure  above 
the  cut 
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( 1 )  American  Red  Cross,  (2)  ( 3 )  Ewing  Gallo¬ 

way,  N.Y.,  (U)  Harold  M.  Lambert 

(1)  The  emergency  traction  splint 
prevents  the  broken  bone  from  punc¬ 
turing  the  skin.  (2)  Both  a  respira¬ 
tor  and  artificial  respiration  are  used 
to  revive  this  coal  gas  victim.  (3)  A 
worker  uses  a  clean  handkerchief  to 
remove  a  speck  of  dirt  from  a  co¬ 
worker’s  eye.  (4)  A  doctor  paints  a 
cut  with  iodine  to  prevent  infection 
in  the  wound 
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has  stopped,  take  it  off  promptly.  If 
the  tourniquet  is  kept  tightened  too 
long,  it  may  cause  serious  injury. 

A  sprain  or  bruise  may  be  treated 
by  cloths  soaked  in  cold  water.  A 
doctor  had  better  see  a  severe  sprain. 

By  all  means  learn  how  to  revive 
a  person  by  artificial  respiration.  It 
is  simple  to  learn.  Lay  the  patient 
face  down,  with  the  face  turned  to 
one  side.  Open  the  mouth  and  re¬ 
move  all  foreign  objects,  such  as 


candy  or  chewing  gum.  Kneel  astride 
the  body  (Fig.  1).  Place  your  palms 
on  the  short  ribs  with  your  thumbs 
nearly  touching  over  his  back  (Fig. 

2) .  Swing  your  weight  forward  and 
force  the  air  out  of  the  lungs  (Fig. 

3) .  Press  for  a  moment  and  swing 
back  to  your  first  position  (Fig.  4). 
The  chest  will  expand  again  and 
draw  in  the  air.  Repeat  12  or  14 
times  a  minute;  be  very  careful  not 
to  go  too  fast.  Keep  this  up  for  an 
hour  or  two,  if  necessary. 

Cover  a  severe  burn  with  sterile 
gauze  soaked  with  baking  soda  solu¬ 
tion,  two  tablespoonfuls  to  a  quart 
of  warmish  water.  Rest  and  send  for 
the  doctor.  Warm  a  frostbite  very 
slowly.  Cover  an  ear  with  the  hand, 
place  a  hand  under  the  arm.  Do  not 
rub  and  use  no  hot  water. 


Ewing  Galloway,  N.Y. 

Artificial  respiration  forces  air  out  and 
relaxing  allows  air  to  press  into  lungs 
again 

Sometimes  you  get  something  in 
your  eye.  Do  not  rub  it.  If  the  eye  is 
closed,  tears  will  sometimes  wash 
out  the  object.  Try  lifting  one  lid 
over  the  other  several  times.  If  this 
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fails,  stand  before  a  mirror  or  get 
someone  to  help  you.  Pull  down  the 
lower  lid,  and  with  the  corner  of  a 
clean  handkerchief  or  a  tuft  of  cot¬ 
ton  remove  the  object.  If  it  is  under 
the  upper  lid,  roll  up  the  lid  over 

Questions  to 

1.  What  is  food? 

2.  Why  does  a  city  man  sometimes 
count  his  calories  while  a  lumberjack 
worries  only  about  getting  enough  to 
eat? 

3.  Why  are  birds  and  children  al¬ 
ways  hungry? 

4.  Why  is  the  Eskimo’s  diet  notable 

for  the  amount  of  fat? 

5.  Why  does  hiking  make  you  hun¬ 
gry?  Why  do  you  breathe  hard  when 
you  run  or  skate? 

6.  Why  is  food  better  than  a  stim¬ 
ulant?  Does  food  stimulate? 

7.  If  you  are  overweight,  what 
foods  should  be  used  sparingly?  If  un¬ 
derweight,  what  food  should  be  used 
abundantly? 

8.  Make  up  a  balanced  diet  that  will 
give  you  the  most  calories  for  your 
money. 

9.  Why  is  it  unwise  to  work  or  play 
violently  immediately  after  a  meal? 

10.  Make  a  microscopic  examination 
of  milk,  cream,  and  butter. 

11.  If  you  step  on  a  tack,  you  prob¬ 
ably  jump  before  you  know  it.  Why? 

12.  List  your  reflex  actions  that  you 
detect  in  one  day. 

13.  With  a  fine  needle,  touch  var¬ 
ious  spots  on  the  back  of  your  hand  to 
determine  spots  sensitive  to  pain  and 
those  relatively  insensitive.  Make  an  en¬ 
larged  drawing  to  show  the  class. 

14.  List  the  habits  you  use  in  a  day. 

15.  Select  a  useful  action  that  you 
wish  to  become  a  habit  and  practice  it 
daily  until  it  no  longer  is  irksome. 

16.  Note  some  action  or  lack  of  ac¬ 
tion  that  shows  that  you  have  not 


the  edge  of  a  toothpick  to  look  for  it. 
After  the  object  is  out,  bathing  the 
eye  in  either  cold  or  hot  water  may 
soothe  it,  or  a  drop  of  a  solution  of 
boric  acid  may  help  if  the  eye  or  its 
lid  is  scratched. 

Think  Out 

learned  to  control  your  mind.  Note 
some  that  show  that  you  have  mental 
control  at  least  in  part. 

17.  Draw  up  ten  rules  of  health  that 
you  are  following  sufficiently. 

18.  Can  you  study  well  immediately 
after  dinner  or  after  a  football  game? 
Make  a  study  of  your  play  and  study 
habits.  Consider  study  at  home  and  at 
school.  Take  into  account  mealtime, 
play,  mental  and  physical  fatigue,  tem¬ 
perature  of  room,  ventilation,  distrac¬ 
tion,  lighting,  etc.  Plan  improvement  in 
conditions  and  in  the  day’s  program 
that  will  make  you  more  efficient  at 
study  time. 

19.  Examine  your  posture  in  walk¬ 
ing  and  sitting.  Does  it  interfere  with 
circulation,  digestion,  or  other  bodily 
function?  Are  the  chairs  at  home  and 
at  school  built  to  keep  the  body  com¬ 
fortable  yet  in  a  healthy  posture?  How 
should  they  be  changed  to  keep  the  body 
in  good  posture? 

20.  Why  do  athletic  coaches  forbid 
the  use  of  tobacco? 

21.  Demonstrate  to  the  class  meth¬ 
ods  of  first  aid  given  in  the  Scout  Man¬ 
ual,  the  Red  Cross  First  Aid,  or  other 
good  books. 

22.  Is  a  man’s  health  his  own  busi¬ 
ness  to  preserve  or  neglect  as  he  sees 
fit?  Argue  it  in  class. 

23.  If  you  cannot  pay  for  dental 
treatment  or  treatment  to  prevent  small¬ 
pox,  diphtheria,  typhoid  fever,  and  other 
preventable  diseases,  how  can  this  treat¬ 
ment  be  provided? 

24.  How  should  the  diet  of  a  very 
elderly  person  differ  from  yours? 


Unit  Twelve 

How  We  Control  and 
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Use  the  Microscopic 

World 

There  is  a  swarming  world  all  about  us,  and 
indeed  ivithin  us,  that  no  man  knew  until  the 
m  icroscope  teas  invented.  Leeuwenhoek  ( 1632 - 
1 723),  a  Hollander,  in  1683,  saw  bacteria  with 
little  microscopes  he  himself  made.  The  pic¬ 
tures  shoiv  modern  microscopes  ( 1 )  compound 
and  (2)  microscope  with  photomicro  graphic 
camera,  and  early  microscopes  (3)  Janssen 
compound,  about  1590,  (4)  Leeuwenhoek,  and 
(5)  Hooke,  about  1665. 

The  microscopic  world  is  peopled  with  both 
plants  and  animals.  We  had  a  glimpse  of  them 
in  Chapter  Forty -one,  when  we  studied  those 
that  live  in  pond  water.  Others  live  in  soil. 
From  our  skin,  mouth,  intestines,  many  more 
kinds  may  be  extracted.  Many  are  harmless, 
but  many  cause  disease  to  ourselves  and  to  our 
domestic  plants  and  animals.  Many  are  bene¬ 
ficial,  helping  to  rid  the  earth  of  refuse  and 
dead  bodies  of  plants  and  animals,  and  some 
aiding  in  the  preparation  of  our  foods  and 
other  materials  of  civilization.  Some  bacteria 
must  be  cultivated  to  enrich  the  soil.  In  this  unit 
we  shall  study  some  common  kinds  that  we  can 
easily  find,  some  that  aid  us  in  our  battle  for 
life,  and  some  that  we  must  battle  to  stay  alive. 

Dau8ch  and  Lomb 


Chapter  Fifty -five 

Molds  and  Yeasts 


Plants  called  fungi.  Toadstools 
and  mushrooms  have  many  rela¬ 
tives.  You  can  recognize  many  of 
them  about  the  woods,  fields,  and 
refuse  heaps  where  things  are  rot¬ 
ting.  None  of  them  has  that  peculiar 
green  substance,  chlorophyll.  Most 
of  them  are  colorless.  They  cannot 
make  their  own  food.  They  take  it, 
therefore,  from  ready-made  stores. 
Like  bacteria,  they  find  their  food  in 
that  which  we  have  laid  up  in  store¬ 
houses,  in  the  manure  that  the 
farmer  spreads  upon  his  fields,  in 
the  dead  bodies  and  dead  leaves  in 
the  forest,  and  in  living  bodies  of 
plants  and  animals.  Like  bacteria, 
some  remove  refuse  and  add  to  the 
fertility  of  the  fields.  At  the  same 
time  there  are  others  that  the  farmer, 
instructed  by  the  pathologist  (scien¬ 
tist  who  studies  disease),  must  battle 
to  protect  his  animals  and  crops 
from  disease  and  death.  The  phys¬ 
ician  and  public  health  officer  battle 
those  that  attack  our  own  bodies. 

These  groups  of  plants  all  belong 
to  the  fungi,  common  kinds  of  which 
are  toadstools  and  mushrooms,  yeast 
and  molds. 

The  nature  of  molds.  Every 
housewife  is  familiar  with  the  gray 
and  black  molds  that  grow  on  a  for¬ 
gotten  piece  of  bread.  She  probably 
regards  molds  as  an  unmitigated  nui¬ 
sance,  not  realizing  that  although 


some  spoil  her  bread  and  preserves, 
others  do  many  useful  things.  The 
mold  that  spreads  over  a  piece  of 
bread  is  not  microscopic  but  it  starts 
from  microscopic  bodies  that  float 
through  the  air. 

Leave  a  slice  of  moist  bread  un¬ 
covered  in  the  room  for  a  day. 
Moisten  slightly  and  cover  it  with  a 
bell  jar  or  a  dish  to  prevent  the  bread 
from  drying.  Let  it  stand  in  the  lab¬ 
oratory  for  several  days.  You  will 
probably  see  develop  a  soft,  fluffy 
mass,  usually  white,  although  its 
color  may  be  bluish  or  gray.  A 
number  of  coarse  threads  will  run 
all  through  the  mass  of  bread.  (The 
thread  tangle  is  known  to  botanists 
by  the  term  mycelium.)  At  first  it  is 
a  white,  loose  mass,  but  as  it  grows 
older,  it  branches  and  becomes 
denser. 

After  a  few  days  the  surface  of 
the  mold  becomes  colored.  Short 
stems  grow  up.  These  stems  end  in 
tiny  black  balls,  the  sporangia  or 
spore  cases,  containing  microscopic 
bodies  which  correspond  roughly 
to  the  seed  of  a  plant.  These  micro¬ 
scopic  bodies  are  called  spores.  As 
these  spores  become  ripe,  the  ball 
containing  them  bursts,  and  the 
spores  float  off  into  the  air.  When  one 
of  them  falls  on  food  material,  it 
starts  to  grow  and  in  a  few  days  pro¬ 
duces  spores  of  its  own.  So  many  of 
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Two  common  types  of  fungi,  (1) 
mushrooms  and  (2)  bracket  fungi  on 
a  tree  trunk 


these  spores  are  produced  and  float 
about  the  air  that  food  material  ex¬ 
posed  to  the  air  almost  always  re¬ 
ceives  some  of  them.  They  are 
slightly  heavier  than  air  and  after 
floating  awhile,  they  sink  to  the  floor. 
When  you  sweep  or  dust,  you  throw 
them  again  into  the  air  and  increase 
the  probability  that  the  food  in  your 
kitchen  will  spoil.  Wiping  up  dust 
with  a  damp  cloth  is  better  than 
using  a  dry  duster.  A  carpet  sweeper 
is  better  than  a  broom,  and  a  vacuum 
cleaner  is  better  than  either. 

What  molds  must  have  to 
grow.  Expose  a  bit  of  banana,  a 
slice  of  apple,  and  a  piece  of  bread 
to  the  air  in  your  kitchen  for  a  half 
hour.  Then  put  all  three  upon  a  plate 
and  cover  the  plate  with  a  bell  jar. 
Put  it  aside  for  several  days.  You 
will  probably  find  molds  on  all  these 
foods. 


Hugh  Spencer 

Photomicrographs  of  (4)  black  mold 
on  bread  and  of  (6)  bread  mold 
showing  the  sporangia.  Bread  mold 
reproduces  both  sexually  (3),  in 
which  two  cells  from  different  plants 
conjugate  to  form  one  reproductive 
body,  and  asexually  (5)  in  which 
dustlike  spores  from  the  sporangium 
are  the  reproductive  bodies 
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Lay  a  small  piece  of  bread  in  the 
oven  until  it  is  thoroughly  dry.  Then 
put  it  on  a  plate,  cover  it  with  a 
tumbler,  and  set  it  aside.  You  will 
find  that  no  mold  develops.  Moisture, 
then,  is  necessary  for  the  growth  of 
molds. 

Put  on  a  plate  of  glass  some  mold 
that  is  ripe  and  is  producing  spores. 
Cover  this  mold  with  a  tumbler  and 
set  it  aside.  In  a  few  days  you  will 
see  that  the  mold  has  dried  up.  Food 
is  necessary  for  the  growth  of  molds. 

Smear  some  mold  spores  upon  a 
piece  of  banana.  Cut  it  in  halves. 
Place  each  half  upon  a  plate  and 
cover  with  a  tumbler.  Put  one  plate 
in  the  refrigerator  and  the  other  in  a 
warm  room.  In  a  few  days  you  will 
see  that  the  mold  placed  in  the  warm 
room  has  grown  luxuriantly  while 
the  mold  in  the  refrigerator  has  not 
grown  at  all.  Warmth,  then,  is  neces¬ 
sary  for  the  growth  of  mold. 

Where  molds  grow.  You  per¬ 
haps  have  seen  molds  not  only  on  for¬ 
gotten  foods  put  away  carefully,  but 
on  old  shoes  in  the  corner  of  the  cel¬ 
lar,  on  an  old  coat  that  has  hung  in  a 
damp  place,  on  decaying  wood  and 
on  manure.  Mildews  that  we  see  on 
rosebushes  and  lilacs  as  well  as  other 
plants  are  relatives  of  the  common 
mold. 

Not  all  molds  are  harmful.  You 
perhaps  have  seen  a  green  mold  on 
Roquefort  cheese.  That  is  not  a  harm¬ 
ful  contamination.  It  is  planted  there 
in  the  preparation  of  the  cheese. 
Molds  are  used  in  the  preparation 
of  several  other  cheeses.  These 


cheeses  are  partially  digested  by  the 
molds  and  therefore  more  readily 
digested  when  we  eat  them.  The 
molds  are  carefully  cultivated  by  the 
cheese  makers  to  keep  them  in  a 
healthy  condition  and  free  from 
harmful  molds  and  bacteria. 

The  wonder  drug  penicillin  that 
stops  many  kinds  of  disease  bacteria 
in  the  body  is  a  product  of  a  mold. 
Streptomycin ,  another  valuable 
weapon  against  bacteria  of  disease, 
is  obtained  from  a  simple  mold¬ 
like  plant. 

Our  debt  to  yeast  plants.  Did 

you  ever  eat  hardtack,  ship’s  biscuit, 
or  matzoth,  the  unleavened  bread  of 
the  Bible?  They  are  rather  tasteless, 
but  they  keep  indefinitely.  They  are 
not  much  like  the  soft  white  bread 
from  the  baker  or  from  mother’s 
oven.  They  are  dense  and  hard  be¬ 
cause  no  yeast  plants  have  grown  in 
the  dough. 

Alcohol,  too,  we  owe  to  yeast 
plants.  Alcohol  is  one  of  the  most 
valuable  industrial  products  we  get 
from  the  plant  world.  We  shall  see 
presently  some  of  its  many  uses.  In 
addition  to  its  valuable  properties  it 
is  a  poison.  It  is  a  valuable  poison  to 
kill  lower  forms  of  life.  Unfortu¬ 
nately,  it  is  poisonous  also  to  human 
tissues,  and  when  used  in  drinks,  it 
slowly  poisons  the  body. 

Fermentation  and  its  use. 
Yeasts  feed  upon  sugar  and  from  it 
produce  carbon  dioxide  and  alcohol, 
which  leave  the  yeast  plants  as 
wastes.  This  process  is  fermentation. 
A  simple  way  to  illustrate  fermenta- 
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tion  is  to  make  a  dilute  solution  of 
molasses  or  sugar.  Add  i  of  a  yeast 
cake  to  a  tumbler  of  the  mixture,  stir 
well  to  distribute  the  yeast  through 
the  sugar  solution.  Fill  a  large  test 
tube  with  the  yeast  and  molasses  mix¬ 
ture  and  invert  it  in  a  tumbler  of  the 
solution.  Put  the  tumbler  and  test 
tube  in  a  warm  place.  In  a  few  hours, 
or  even  in  a  half  hour,  you  will  see 
that  a  gas  is  driving  the  liquid  out  of 
the  test  tube.  When  the  test  tube  has 
filled  with  gas,  remove  it  and  pour 
some  of  the  gas  into  a  clean,  dry  test 
tube.  Add  limewater  and  shake.  The 
limewater  turns  milky,  a  test  for  car¬ 
bon  dioxide.  If  you  add  a  small  bit 
of  potassium  hydroxide  and  a  crys¬ 
tal  of  iodine  to  the  molasses-yeast 
mixture,  you  may  detect  the  “hospi¬ 
tal  smell”  of  iodoform.  This  is  a  test 
for  alcohol.  Or  you  may  place  100 
c.c.  or  more  of  the  liquid  in  a  dis¬ 
tilling  flask  connected  with  a  con¬ 
denser  and  distil  a  few  drops.  You 
will  find  that  your  distillate  has  the 
odor  and  taste  of  alcohol  and  that 
you  can  set  fire  to  it. 

Fermentation  is  the  principle  of 
the  production  of  all  alcoholic  bever¬ 
ages.  The  spores  of  wild  yeast  are 
present  in  the  air.  When  you  press 
apples  to  obtain  cider,  some  of  these 
yeast  spores  pass  from  the  skin  of 
the  apple  to  the  cider.  In  a  short  time 
the  sugar  of  the  cider  undergoes  the 
same  change  that  the  molasses  did  in 
our  experiment.  We  say  that  the 
cider  has  become  hard.  That  is,  its 
sugar  has  largely  disappeared  be¬ 
cause  it  was  used  up  as  a  food  for 


the  growing  yeast.  Alcohol  and  car¬ 
bon  dioxide  are  produced  from  it. 

Alcohol,  in  the  chemical  industry, 
is  surpassed  in  importance  only  by 
sulphuric  acid.  Alcohol  is  used  as  a 
solvent,  that  is,  to  dissolve  other  sub¬ 
stances.  It  is  used  to  dissolve  resins, 
as  shellac  in  making  varnish,  and 
many  other  substances  used  in  indus¬ 
try.  It  is  used  in  the  manufacture  of 
soaps,  collodion,  celluloid,  smoke¬ 
less  powder,  drugs,  perfumes,  and 
many  other  products  too  numerous 
to  mention.  Ninety  per  cent  of  com¬ 
mercial  alcohol  is  prepared  as  in  our 
experiment,  by  the  action  of  yeast  on 
molasses.  After  fermentation  the  al¬ 
cohol  is  distilled. 

The  carbon  dioxide  produced  in 
the  fermentation  is  also  a  valuable 
product.  It  is  used  as  a  preservative 
for  foods.  Pumped  into  water  under 
pressure,  it  makes  soda  water  “fizz.” 
Cooled  and  compressed,  it  becomes 
a  solid,  the  “dry  ice”  that  is  becom¬ 
ing  so  familiar.  Dry-ice  refrigera¬ 
tion  is  much  simpler  and  cleaner 
than  refrigeration  with  ice.  Dry  ice 
does  not  melt  but  passes  away  as  a 
gas,  carbon  dioxide. 

A  baker  makes  use  of  yeast  for  its 
production  of  carbon  dioxide.  He 
adds  to  his  bread  dough  some  yeast 
plants,  and  then  places  the  dough  in 
a  warm  place.  The  growing  yeast  pro¬ 
duces  carbon  dioxide  inside  the 
dough.  As  these  bubbles  of  gas  can¬ 
not  escape,  they  make  the  bread 
light.  In  the  fermenting  bread  dough 
you  can  smell  alcohol.  You  need  not 
hesitate  to  eat  the  bread  on  that  ac- 
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count,  however,  for  the  heat  of  the 
oven  drives  off  the  alcohol. 

What  are  yeasts?  Yeasts  are 
microscopic  oval  plants  that  repro¬ 
duce  by  a  process  called  budding. 
Each  plant  is  very  small,  being  about 
Worr  of  an  inch  in  diameter.  Take  a 
drop  of  the  cloudy  liquid  formed  in 
your  fermentation  experiment  and 
examine  it  under  the  microscope. 
You  will  find  it  filled  with  these  yeast 
cells.  A  small  knob  forms  on  one 
end  of  the  plant.  This  knob  grows 
larger  and  the  cell  wall  pinches  in, 
dividing  the  knob  from  the  original 
plant  until  finally  the  two  may 
break  apart.  The  multiplication  of 
yeast  plants  is  rapid. 

Commercial  yeast.  There  are 
many  varieties  of  wild  yeast.  Some 
produce  a  much  better  tasting  bread 
than  others.  By  selection,  bakers 
have  found  the  best  variety  to  use  for 
bread.  This  cultivated  yeast  is  grown 
commercially  in  large  tubs.  When 
yeast  is  provided  with  food,  mois¬ 
ture,  and  warmth,  the  plants  grow 
and  multiply  rapidly. 

Compressed  yeast  is  a  soft,  some¬ 
what  soggy,  material  obtained  by 
adding  starch  and  sometimes  other 
materials  to  the  growing  yeast  plants. 
The  mass  of  yeast  and  starch  is 
pressed  to  squeeze  out  the  excess 
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Yeast  plants  re¬ 
produce  asexu- 
ally  either  by 
spores  or  by  the 
process  of  bud¬ 
ding 


water,  and  then  cut  up  into  cakes; 
the  cakes  are  covered  with  tin  foil  to 
protect  the  yeast  plants.  Compressed 
yeast  has  one  disadvantage,  it  does 
not  keep  long. 

A  second  type  of  commercial  yeast 
is  the  dry  yeast  cake.  This  is  prepared 
by  adding  starch  to  the  growing 
yeast,  pressing  into  cakes  and  drying 
it  at  a  low  temperature.  The  yeast 
plants  in  this  case  are  in  an  inactive 
(resting)  condition.  They  remain 
alive  for  a  long  time.  When  the  dry 
yeast  is  added  to  the  moist  dough,  the 
yeast  starts  to  grow  and  acts  just  as 
fresh  yeast  does,  but  more  slowly. 

Experiment  146 

Perform  the  experiments  with  mold 
described  in  this  chapter.  Write  a  report 
of  the  experiment  in  the  usual  form. 

Study  the  mold  with  a  lens  and  under 
the  microscope  and  make  fully  labeled 
drawings  showing  the  parts  of  the  mold. 

Experiment  147 

Perform  the  experiment  with  yeast 
described  on  page  419.  Write  a  report 
in  the  usual  form. 

Study  the  yeast  cells  under  the  high 
power  of  the  microscope.  Make  a  draw¬ 
ing  of  the  cells. 

Experiment  148  (Optional) 

Question:  How  does  yeast  affect 
bread  dough?  Mix  two  cups  of  dry  flour 
with  two  teaspoonfuls  of  sugar  and  add 
sufficient  water  to  make  a  stiff  dough. 
Mix  thoroughly.  Separate  the  dough 
into  halves.  Mix  a  yeast  cake  with  a 
quarter  of  a  glass  of  water  and  work  the 
yeast  mixture  into  one  half  the  dough. 
Set  both  halves  aside  in  a  warm  place 
till  next  day.  Cut  into  each  mass  of 
dough  and  compare  results. 


Chapter  Fifty -six 

Using  Bacteria  and  Fighting  Them 


Bacteria.  Bacteria  are  our  small¬ 
est  plants.  Even  under  the  micro¬ 
scope  it  is  difficult  to  see  much  of 
their  structure.  An  unusually  large 
kind  of  bacterium  may  have  a  diame¬ 
ter  of  yoVo  of  an  inch,  but  many 
have  a  diameter  of  only  —  \ -  ■  of  an 
inch.  Their  extremely  small  size  and 
their  simplicity  under  the  microscope 
often  make  it  impossible  to  tell  one 
kind  from  another  by  looking  at 
them.  We  learn  their  habits  by 
studying  how  they  behave  when  they 
exist  in  large  masses  called  colonies. 
In  shape,  bacteria  are  usually  spheri¬ 
cal,  rodlike,  or  spiral. 

They  multiply  by  simple  division. 
The  rod,  which  is  one  bacterium, 
lengthens,  divides  in  the  center,  and 
so  produces  two  plants.  This  process 
is  called  fission.  It  is  often  very 
rapid,  occurring  sometimes  every 
half  hour.  At  this  rate,  in  24  hours, 
one  of  these  tiny  plants  would  pro¬ 
duce  281,000,000,000,000  and  in  a 
few  days  would  cover  the  earth.  For¬ 
tunately,  most  of  the  bacteria  are  de¬ 
stroyed  almost  as  soon  as  they  are 
formed. 

Study  of  bacteria.  To  study  the 
conditions  under  which  bacteria 
grow,  we  must  provide  a  suitable 
food  for  them.  This  we  do  by  making 
a  gelatin  or  agar-agar  (seaweed) 
jelly  and  adding  beef  extract  or  other 
food  substances.  This  bacterial  food 


(nutrient  jelly)  is  poured  into  test 
tubes  or  flasks  and  these  are  plugged 
with  cotton.  They  are  then  heated 
with  steam,  sometimes  under  pres¬ 
sure,  to  kill  any  life  that  might  be 
present.  This  killing  process  is  steri¬ 
lization.  On  the  sterile  food  after  it 
has  cooled  the  bacteria  which  we 
wish  to  study  are  planted.  Very  often 
the  sterile  food  substance  is  poured 
into  sterile  covered  dishes  called 
Petri  dishes  (see  page  422). 

We  determine  that  bacteria  are 
present  in  milk  by  spreading  the 
milk  on  the  sterile  nutrient  jelly, 
covering  it  with  a  sterile  cover,  and 
placing  it  in  a  warm  place.  The  bac¬ 
teria  in  the  milk  grow  and  soon  show 
as  spots  (colonies)  on  the  jelly.  By 
counting  these  colonies,  each  of 
which  developed  from  a  single  bac¬ 
terium,  we  can  tell  the  number  of 
bacteria  present  in  a  drop  of  milk. 
By  the  shape  of  the  colonies  and  their 
general  appearance,  we  can  recog¬ 
nize  some  different  kinds  of  bacteria. 

In  studying  bacteria  which  cause 
disease  (pathogenic  bacteria)  we 
must  go  to  the  patient  for  the  germs. 
Tuberculosis  germs  are  obtained 
from  the  sputum  (material  coughed 
up  by  the  patient) .  A  sterile  swab  of 
cotton  will  collect  many  bacteria 
from  noses  of  most  healthy  persons 
— often  those  bacteria  that  are  ass®- 
ciated  with  sore  throats  and  colds. 
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( l )  ( 3 )  (4)  Society  of  American  Bacteriologists, 

(2)  Abbotts  Dairies,  Inc. 

Photomicrographs  of  disease  bacteria 
and  (2)  bacteria  culture  on  nutrient 
agar  in  a  Petri  dish.  (1)  A  chain  of 
streptococci  cells,  pus-forming  micro¬ 
organisms,  (3)  staphylococci  which 
cause  boils  or  carbuncles,  and  (4) 
diphtheria  cells 


Typhoid  bacteria  may  be  obtained 
from  the  excrement  from  the  intes¬ 
tine.  Discharges  from  abscesses  often 
furnish  the  germ  of  infection. 

Each  germ  must  be  grown  on  the 
kind  of  food  material  upon  which  it 
will  thrive.  The  necessity  of  getting 
just  the  right  food  makes  the  growth 
of  some  in  the  laboratory  exceed¬ 
ingly  difficult.  Some  will  not  grow 
in  a  test  tube  or  flask.  The  scientist 
then  tries  to  find  an  animal  in  which 
they  will  grow.  White  mice,  white 
rats,  guinea  pigs,  and  rabbits  are 
often  used.  These  animals  have  en¬ 
abled  scientists  to  save  millions  of 
human  lives.  Sometimes  no  animal 
can  be  found  which  will  support  the 
disease  germs.  Then  progress  in  con¬ 


quering  the  disease  is  slow.  The 
germs  of  the  terrible  plague  of  child¬ 
hood,  infantile  paralysis,  resisted  all 
attempts  to  grow  them  artificially 
until,  after  many  failures,  a  method 
was  found  of  giving  the  disease  to 
monkeys.  There  is  now  hope  of  find¬ 
ing  a  way  of  saving  thousands  of 
children  from  suffocating  death  or 
permanent  deformity. 

Vinegar.  Bacteria  make  vinegar. 
When  we  press  apples,  we  obtain 
sweet  cider.  Yeast  cells  on  the  apple 
skins,  or  yeast  settling  from  the  air, 
ferment  the  sugar  of  the  cider,  chang¬ 
ing  it  into  alcohol  and  carbon  diox¬ 
ide.  If,  then,  the  mass  of  bacteria 
commonly  known  as  “mother  of  vin- 
falls  into  the  hard  cider,  the 
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bacteria  change  the  alcohol  into  ace¬ 
tic  acid  or  vinegar.  It  is  for  this  rea¬ 
son  that  it  is  almost  impossible  to 
keep  cider  sweet  for  any  length  of 
time.  If  it  is  stored  in  barrels  that 
have  been  previously  used  to  contain 
cider,  the  old  barrels  will  almost  cer¬ 
tainly  contain  both  yeast  and  those 
bacteria  that  make  acetic  acid  so  that 
the  sweet  cider  will  change  to  vine¬ 
gar.  In  this  manner  cider  vinegar  is 
made  on  the  farms.  The  alcohol  of 
wine  is  changed  to  wine  vinegar. 

In  the  making  of  malt  vinegar  a 
layer  of  grain  six  to  eight  inches  deep 
is  moistened  and  allowed  to  sprout. 
As  the  seed  starts  to  grow,  the  stored 
starch  is  changed  to  sugar.  The  grain 
is  then  heated,  killing  the  young 
plant.  The  sprouted  grain  is  called 
malt.  Crushed  malt  is  placed  in  large 
vats  with  yeast.  The  yeast  feeds  upon 
the  sugar,  producing  carbon  dioxide 
and  alcohol.  The  alcoholic  liquid  is 
allowed  to  trickle  over  beechwood 
shavings  or  pumice  stone  on  which 
the  acetic  acid  bacteria  are  left  from 
previous  passage  of  vinegar.  The 
bacteria  change  the  alcohol  into  ace¬ 
tic  acid  and  produce  malt  vinegar . 

Other  uses  of  bacteria.  You 
have  studied  the  use  of  bacteria  in 
returning  to  the  soil  and  air  the  food 
elements  contained  in  organic  wastes 
and  dead  bodies.  If  it  were  not  for 
their  activity,  the  elements  needed  by 
living  bodies  would  be  locked  up  in 
a  vast  rubbish  heap.  You  have  stud¬ 
ied  also  the  nitrogen  bacteria  that 
grow  in  the  soil  and  in  the  roots 
of  legumes,  such  as  peas,  beans, 


clover,  and  alfalfa.  By  their  activity, 
nitrogen  of  the  air  is  added  to  the 
soil.  The  preparation  of  many  prod¬ 
ucts  involves  bacteria.  The  character¬ 
istic  flavors  of  butter,  cheese,  and 
meats  are  due  largely  to  the  action  of 
bacteria.  In  cheese  and  butter  factor¬ 
ies  the  desirable  kinds  of  bacteria, 
largely  bacteria  that  make  lactic 
acid  (the  acid  that  sours  milk),  are 
kept  under  constant  scientific  care  to 
protect  them  from  contamination  by 
harmful  organisms.  The  preparation 
of  linen  uses  bacteria  at  one  stage  of 
the  process.  After  the  flax  plant  is 
pulled,  the  soft  parts  are  allowed  to 
rot  away  through  the  action  of  bac¬ 
teria.  Bacteria  aid  also  in  the  tanning 
of  leather. 

Food  poisoning.  Bacteria  as 
well  as  yeasts  and  molds  are  destroy¬ 
ers  of  our  food.  Yeasts  and  molds  at¬ 
tack  especially  sugars  and  starches. 
Some  bacteria  attack  these  and  other 
carbohydrates,  and  some  attack  pro¬ 
teins.  Meat,  fish,  miik  and  its  prod¬ 
ucts  are  the  favorite  foods  of  many 
bacteria.  Violent  upsets  of  stomach 
and  intestines  due  to  food  poisoning 
sometimes  have  followed  picnics,  cir¬ 
cuses,  county  fairs,  and  church  sup¬ 
pers,  for  which  foods  have  been  pre¬ 
pared  a  long  time  in  advance  and 
have  not  been  properly  cared  for. 

The  poisons  or  toxins  are  pro¬ 
duced  by  bacteria  that  grow  upon  the 
food  both  before  eating  and  in  the 
intestines.  Food  that  is  at  all  tainted 
should  be  discarded,  but  sometimes 
the  poisoning  bacteria  may  be  pres¬ 
ent  without  tainting  the  food  enough 


lives  on  vegetable  as  well  as  meat 
proteins.  The  doctor  should  see 
promptly  all  cases  of  violent  diges¬ 
tive  disturbances. 

Keeping  foods.  We  preserve 
foods  by  attacking  the  food-spoilers 
in  their  weak  spots.  As  bacteria  do 
not  grow  readily  in  the  cold,  refrig¬ 
eration  is  the  common  way  of  keep¬ 
ing  foods.  Meats  for  shipment  to  far 
countries  are  often  frozen  immedi¬ 
ately  upon  killing.  Meats  and  fish 
frozen  quickly  and  kept  frozen  re¬ 
tain  their  flavor.  Large  quantities  of 
fruits  and  vegetables  are  now  pre¬ 
pared  by  the  quick-freezing  method. 
Many  kinds  of  bacteria  are  not  killed 
by  low  temperatures,  but  they  do  not 
grow  vigorously.  If  the  foods  are  con¬ 
taminated  by  bacteria  of  food  poi¬ 
soning  before  being  placed  in  the  ice 
box,  the  bacteria  may  survive  the 
cold  and  revive  upon  return  of  more 
favorable  conditions.  The  tempera¬ 
ture  of  refrigeration  must  be  low, 
below  45°  F. 

The  success  of  canning  foods  de¬ 
pends  upon  killing  all  bacteria  that 


for  us  to  be  aware  of  it.  Most  attacks 
of  food  poisoning  pass  off  after  a 
period  of  violent  distress.  One  type 
however,  called  botulism ,  or  sausage 
or  meat  poisoning ,  is  usually  fatal 
unless  a  serum  is  promptly  admin¬ 
istered.  The  bacterium  ( Bacillus 
botulinus)  that  causes  this  poisoning 


(1)  The  Borden  Company,  ( 2 )  Ewing  Galloway, 

N.Y. 

Filling  and  capping  milk  bottles 
under  sterile  conditions.  These  men 
are  taking  a  blood  sample  to  test  for 
Bang’s  disease,  which  causes  un- 
dulant  fever  in  man 
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are  on  the  foods  or  vessels  and  then 
sealing  them  tightly  so  that  no  more 
can  enter.  Certain  kinds  of  food  are 
preserved  by  vinegar,  salt,  and 
spices,  all  of  which  prevent  the 
growth  of  bacteria  without  harming 
the  food  for  use. 

Drying  and  smoking  foods  are 
common  methods  of  preservation 
discovered  by  savages  around  the 
world  and  still  in  use  in  modern  life. 
Bacteria  cannot  thrive  without  water, 
and  smoke  contains  substances  that 
are  fatal  to  them  but  of  no  apparent 
harm  to  man.  Modern  dehydrated 
foods  are  prepared  by  controlled 
heat,  forced  air  circulation,  con¬ 
trolled  humidity,  and  vacuum.  They 
include  milk,  eggs,  meat,  practically 
all  vegetables  and  fruits,  including 
orange  juice.  Keeping-qualities  and 
saving  of  shipping  space  are  impor¬ 
tant  in  war.  A  thousand  shiploads  of 
ordinary  foods  can,  when  dehy¬ 
drated,  be  carried  in  one  hundred 
fifty  ships.  That  saving  of  space  was 
important  when  enemy  airplanes 
and  submarines  were  sinking  ships. 

The  milk  supply  is  one  of  the  big 
food  problems  of  the  cities.  Tuber¬ 
culosis,  typhoid,  scarlet  fever,  septic 
sore  throat,  infantile  diarrhea,  un- 
dulant  fever,  and  other  diseases  may 
be  carried  in  milk.  Rigid  enforce¬ 
ment  of  regulations  to  protect  the 
supply  has  removed  one  great  source 
of  disease.  Cow  barns  are  inspected 
for  cleanliness  and  sanitary  condi¬ 
tions.  The  farmer  must  deliver  the 
milk  to  the  collecting  stations  below 
a  certain  temperature.  Samples  of 


milk  delivered  by  each  farmer  are 
examined  for  butterfat  and  bacteria. 
It  is  impossible  to  obtain  milk  free 
from  bacteria,  but  the  bacterial 
count  must  be  below  a  specified  limit. 
Some  cities  require  milk  to  be  pas¬ 
teurized.  Pasteurization  destroys  or 
renders  harmless  most  bacteria  of 
disease  but  not  all  bacteria.  Bacteria 
of  tuberculosis  and  some  others  that 
are  dangerous  are  destroyed.  Undu- 
lant  fever  either  is  spreading  rapidly 
in  the  United  States  or  better  medi¬ 
cal  and  veterinary  service  is  discov¬ 
ering  it  where  it  has  not  been  previ¬ 
ously  recognized.  It  kills  people.  To 
protect  yourself  against  that  disease 
alone  you  should  insist  on  pasteur¬ 
ized  milk.  If  your  milk  is  from  your 
own  herd  which  has  been  tested  and 
the  tests  are  repeated  regularly,  you 
may  feel  reasonably  safe  without 
pasteurization,  but  the  disease  ap¬ 
pears  without  warning  in  a  herd. 

Although  pasteurized  milk  does 
not  sour  so  readily  because  the  lactic- 
acid  bacteria  are  killed,  one  cannot 
be  careless  with  bottles  of  pasteur¬ 
ized  milk.  They  should  be  kept  in  the 
refrigerator.  In  pasteurization ,  milk 
or  other  liquid  is  heated  to  about 
140°  F.  for  twenty  to  thirty  minutes. 

Experiment  149 

Question:  How  do  germs  come? 

Materials:  Several  Petri  dishes  or 
other  round,  flat  dishes  with  plates  to 
cover  them;  a  pan  to  boil  them  in;  4 
ounces  of  gelatin  or  agar;  a  half  ounce 
of  beef  extract  or  a  glassful  of  beef 
broth;  a  little  salt  and  a  little  baking 
soda;  a  pair  of  forceps. 
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Directions:  Boil  the  dishes  for  an 
hour  to  kill  all  germs.  Melt  the  gelatine 
or  agar.  Add  beef  extract  or  broth,  a 
pinch  of  salt  and  a  pinch  of  soda.  Heat 
the  gelatine  until  it  melts.  Hold  the 
points  of  the  forceps  in  the  gas  flame. 
Remove  the  dishes  from  the  boiling  wa¬ 
ter  with  the  forceps  and  lay  them  flat  on 
a  table.  Pour  the  gelatine  into  the  dishes 
and  promptly  cover.  Allow  to  cool. 

(a)  Open  the  first  dish  and  leave  ex¬ 
posed  to  the  air  for  a  half  hour.  Then 
cover. 

( b )  Touch  your  finger  to  the  gela¬ 
tine  in  the  second  dish  and  cover. 

(c)  Wash  the  hands  with  soap  and 
water.  Then  touch  the  third. 

( d )  Pour  a  little  drinking  water  on 
the  fourth. 

(e)  Cough  at  one  dish. 

(/)  Touch  a  dish  with  a  slice  of 
bread  cut  with  a  knife  heated  in  the 
flames. 

(g)  Touch  another  with  a  pretzel 
bought  at  the  curb. 

( h )  Continue  testing  various  sub¬ 
stances  with  the  remaining  dishes. 

(i)  Leave  one  dish  unopened  as  a 
control.  Then  put  all  dishes  away  in  a 
warm  place  for  two  or  three  days.  Ex¬ 
amine  each  day. 

Observation:  Each  spot  or  colony  that 
you  observe  came  from  a  bacterium. 
Keep  a  record  of  the  colonies  in  each 
dish. 

Conclusion:  How  do  bacteria  reach 
you? 

Note:  Slices  of  cooked  potato  may 
be  substituted  for  the  gelatine  or  agar 
mixture. 

Experiment  150 

Question:  What  is  the  effect  of  tem¬ 
perature  and  of  antiseptics  on  bacteria? 

Materials:  As  in  the  last  experiment. 

Directions:  Prepare  the  dishes  as  in 
the  last  experiment.  Hold  a  needle  or 
wire  in  a  flame  to  kill  all  bacteria  that 
may  be  on  it;  then  hold  it  in  the  air  un¬ 


til  it  cools.  Touch  it  to  a  colony  on  one 
of  the  dishes.  Touch  a  fresh  dish  with 
the  same  wire,  thus  planting  the  bac¬ 
teria  on  the  new  dish.  Do  this  to  each 
dish.  Set  one  dish  in  the  refrigerator, 
one  in  a  warm  place,  one  in  a  hot  oven, 
one  in  the  laboratory. 

On  a  second  set  of  dishes  similarly 
planted,  try  various  antiseptics  in  dilute 
solutions,  such  as  carbolic  acid,  formal¬ 
dehyde,  a  strong  salt  solution,  a  sugar 
solution.  Set  plates  in  a  warm  place. 

Observations:  As  in  last  experiment. 

Conclusions:  Answer  the  question. 

Experiment  151 

Question:  What  do  bacteria  do  to 
meat? 

Materials:  A  wide-mouthed  bottle  and 
a  cork;  a  piece  of  meat  that  will  go  into 
the  bottle. 

Directions:  Expose  the  meat  in  the 
laboratory  for  an  hour.  Then  cork  it 
tightly  in  the  bottle.  Examine  daily  for 
some  days  by  looking  through  the  bot¬ 
tle  and  removing  the  cork  and  smelling 
it. 

Conclusions :  Answer  the  question. 
Experiment  152 

Question:  Why  and  how  is  milk  pas¬ 
teurized? 

Materials:  Raw,  or  unpasteurized, 
milk;  three  beakers;  a  thermometer; 
tripod  and  Bunsen  burner. 

Directions:  Pour  milk  into  each 
beaker;  set  No.  1  aside  untreated; 
warm  No.  2  gently  to  145°  F.,  no 
higher,  for  20  minutes;  boil  No.  3.  Set 
all  aside  for  48  hours.  Then  with  pipette 
put  a  drop  from  each  into  a  dish  of  cul¬ 
ture  medium  (Experiment  149)  and  set 
in  a  warm  place. 

Observations:  Record  appearance  and 
taste  of  each.  Examine  the  culture 
dishes  for  number  of  colonies. 

Conclusions:  Answer  the  question. 


Chapter  Fifty-seven 

Winning  the  Battle  with  Disease 


Defending  a  cut.  Did  you  ever 
have  a  sore  on  the  finger  that  dis¬ 
charged  pus  (“matter”)?  That  dis¬ 
charge  was  evidence  of  your  ignor¬ 
ance  or  neglect.  Bacteria  had  entered 
through  a  break  in  the  skin.  Tucked 
safely  inside,  away  from  the  danger 
of  sunlight,  amid  warmth  and  food, 
they  multiplied  until  there  were  mil¬ 
lions.  The  white  blood  cells  rushed 
to  the  scene  of  invasion.  Each  white 
blood  cell  ate  bacteria  till  it  could 
eat  no  more.  More  white  cells  came. 
They  came  faster  than  they  could  be 
carried  away  with  their  load  of  eaten 
bacteria  to  be  cast  out  of  the  body. 
Then  they  broke  out  through  the  skin 
as  the  ill-smelling,  creamy  pus.  Per¬ 
haps  then  you  went  to  the  doctor’s  or 
to  the  hospital  to  have  the  painful 
finger  lanced  and  treated  with  anti¬ 
septic  dressings  to  kill  the  bacteria. 
Pain,  soreness,  time,  and  expense 
might  have  been  saved  by  a  trifling 
attention  to  the  cut  or  splinter  at  first. 
The  great  surgeon  Joseph  Lister 
(1827-1912)  taught  us  that  many 
years  ago. 

Lister,  in  a  hospital  at  Edinburgh, 
Scotland,  saw  men  dying  of  diseased 
wounds  as  surgeons  of  all  time  had 
done.  But  Lister  sought  a  way  to  stop 
the  tragedy.  Pasteur  had  shown  that 
there  could  be  no  fermentation  and 
spoiling  of  food  without  microor¬ 
ganisms.  Lister  thought  that  disease 


in  wounds  might  be  due  to  micro¬ 
organisms.  He  did  what  surgeons 
had  not  done  before.  He  insisted  that 
instruments  and  everything  else  that 
touched  the  wound  be  cleaned  as  rig¬ 
orously  as  soap  and  water  would 
clean  them,  then  washed  with  car¬ 
bolic  acid  to  kill  bacteria.  The  world 
laughed  at  Lister  until  the  recovery 
of  his  patients  without  suppurating 
sores  of  diseased  wounds  showed 
that  he  was  right.  Now  we  look  upon 
little  cuts  and  flesh  tears  as  a  source 
of  possible  danger.  A  daub  of  iodine 
on  every  cut  may  prevent  a  danger¬ 
ous  infection. 

There  are  a  great  variety  of  sub¬ 
stances  that  poison  bacteria  (anti¬ 
septics  and  germicides).  In  addition 
to  those  just  mentioned,  formalde¬ 
hyde,  bichloride  of  mercury,  solu¬ 
tions  of  chlorine,  and  many  others 
are  used.  These  are  all  dangerous 
chemical  poisons  and  they  should  be 
used  exactly  as  directed  by  experts. 

Insect  allies  of  disease.  As  late 
as  1878  thousands  of  people  died  of 
yellow  fever  in  the  United  States.  Up 
to  1900  thousands  were  dying  each 
year  in  Cuba.  Up  to  1905  thousands 
were  dying  in  Panama.  Now  yellow 
fever  has  been  driven  to  its  last 
stronghold  on  earth  in  parts  of 
Africa  and  parts  of  South  America. 
The  danger  that  it  may  spread 
again  is  hanging  over  us,  but  it 
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Here  men  (1)  pour  oil  on  the  water 
of  a  marsh  to  destroy  the  (2)  mos¬ 
quito  larvae  or  “wrigglers.”  The  lar¬ 
vae  breathe  by  thrusting  the  tube  at 
the  end  of  their  bodies  up  through 
the  surface  film  of  the  water.  (3)  The 
adult  mosquito 


never  will  spread  if  we  remain  alert 
to  the  danger.  We  may  not  ban¬ 
ish  it  forever  from  the  earth.  The 
bravery  of  the  little  group  of  United 
States  Army  doctors  and  their  assist¬ 
ants  among  the  soldiers  taught  the 
world  how  this  scourge  might  be  con¬ 
quered. 

In  1900  a  commission  under 
Major  Walter  Reed  of  the  Army 
Medical  Corps  was  sent  to  Cuba  to 
find  the  cause  of  the  deadly  disease. 
A  few  suspected  a  kind  of  mosquito, 
but  it  had  not  been  proved  to  be  the 
carrier  of  the  disease.  A  grave  diffi¬ 
culty  arose.  No  animal  was  then 
known  that  was  susceptible  (would 
carry  the  disease).  Only  man  could 
be  used  in  experiments  to  learn  the 
cause.  Two  of  the  doctors  offered  to 
allow  themselves  to  be  bitten.  Both 
developed  yellow  fever.  Dr.  James 
Carroll  recovered;  Dr.  Jesse  Lazear 
died.  The  world  was  not  yet  con¬ 
vinced.  A  call  was  sent  out  among 
the  soldiers  of  the  medical  depart¬ 
ment  for  volunteers  to  be  bitten  by 
the  mosquitoes  that  had  already 
caused  two  cases  of  yellow  fever 
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among  the  commission  and  one 
death.  A  soldier  named  Kissinger 
and  an  army  field  clerk,  Moran,  vol¬ 
unteered,  and  allowed  themselves  to 
be  bitten  by  mosquitoes  that  had  been 
fed  on  yellow-fever  patients.  Both 
went  down  with  the  fever,  but  both 
recovered.  Other  soldiers  volun¬ 
teered  for  further  experiments.  The 
bravery,  suffering,  and  death  of 
those  who  offered  their  lives  for  the 
benefits  of  humanity  made  it  possi¬ 
ble  to  prove  that  one  kind  of  mos¬ 
quito  ( Aedes )  carried  the  yellow 
fever,  and  that  the  disease  can  be 
controlled  by  controlling  the  mos¬ 
quito. 

But  the  battle  against  this  disease 
is  not  yet  over.  In  1932  Doctor  No¬ 
guchi  of  the  Rockefeller  Foundation 
died  on  the  coast  of  Africa  from 
fever  contracted  in  the  laboratory 
erected  there  to  study  the  African 
form  of  the  disease.  Other  scientists 
have  since  given  their  lives  in  Africa 
and  America.  The  battle  goes  on. 

Malaria,  a  disease  that  has  given 
the  tropics  the  name  of  the  white 
man’s  grave  and  kills  hundreds  of 
thousands  of  natives  yearly,  is  car¬ 
ried  by  another  kind  of  mosquito 
(Anopheles) .  Our  knowledge  of  the 
mosquito’s  part  is  due  chiefly  to  the 
English  doctor,  Colonel  Sir  Ronald 
Ross  (1857-1932),  working  in  In¬ 
dia.  The  final  proof  of  the  part 
played  by  the  mosquito  came  when 
two  English  doctors,  Manson  and 
Warren,  allowed  themselves  to  be 
bitten  by  infected  mosquitoes  sent 
to  them  from  Italy. 


Our  battle  to  prevent  these  two 
devastating  diseases  is  directed 
against  the  mosquitoes.  To  kill  them 
the  marshes  and  pools  where  they 
live  are  drained  or  coated  with  oil. 
In  World  War  II  DDT  was  scattered 
by  airplane  over  the  tropic  areas 
where  our  troops  landed  in  the  South 
Pacific  and  in  other  danger  zones.  It 
has  also  been  used  in  some  areas  of 
the  United  States.  Little  fish  (Gam- 
busa)  that  eat  the  young  mosquitoes 
(larvae)  have  been  sent  around  the 
world  to  feast  upon  them.  People  are 
being  taught  to  live  in  screened 
houses.  The  drug  quinine  kills  the 
malaria  germ,  a  minute  animal  of 
only  one  cell,  that  lives  in  the  blood 
of  the  patient,  where  it  destroys  the 
red  corpuscles.  Newer  drugs,  ata- 
brine  and  others,  were  effectively 
used  in  the  army  and  navy.  Per¬ 
sons  who  must  enter  a  region  in¬ 
fected  with  yellow  fever  may  be  pro¬ 
tected  by  vaccination.  The  conquest 
of  both  malaria  and  yellow  fever, 
however,  has  been  made  by  attacking 
the  mosquitoes.  As  the  result  of  the 
campaigns,  Havana,  once  dreaded, 
has  become  a  winter  resort.  The  Pan¬ 
ama  railroad  cost  the  life  of  a  man 
for  each  tie  laid ;  but  now  the  Panama 
Canal  is  on  the  regular  tourist  route. 
In  the  United  States,  each  year  sees 
further  progress  in  stamping  out 
malaria,  but  the  battle  must  go  on. 

During  the  fourteenth  century 
over  twenty-five  million  were  killed 
in  Europe  by  the  plague.  Rats  are 
hosts  to  fleas  that  carry  this  terrible 
disease,  the  bubonic  plague.  Rigor- 


Hugh  Spencer 

The  adult  and  larva 
of  the  housefly.  The 
drawing  shows  the 
moist  pads  on  the 
foot  of  the  housefly. 
These  pads  carry  bac¬ 
teria 


oils  campaigns  against  rats,  ground 
squirrels,  and  other  small  animals 
that  are  attacked  by  these  fleas  are 
carried  on  in  certain  plague  danger 
spots  in  the  United  States.  Typhus 
fever  is  carried  by  lice;  under  the 
name  of  jail  fever,  camp  fever,  and 
ship  fever,  this  disease  has  killed 
men  by  the  thousands  where  they 
have  been  concentrated.  When,  in 
1943,  after  the  German  army  was 
driven  from  Naples,  people  were 
dying  in  the  streets  from  typhus,  the 
American  Army  authorities  stopped 
the  deadly  epidemic  promptly  by 
dusting  the  entire  population  with  an 
insect  powder,  DDT,  that  killed  the 
lice.  The  American  soldiers  were 
protected  by  vaccination  against  ty¬ 
phus.  In  America  a  different  form  of 
typhus  is  carried  by  the  flea  that  lives 
on  the  rat  and  occasionally  attacks 
man.  Bedbugs  carry  the  germs  of 
relapsing  fever .  The  tsetse  fly  of 
Africa  has  depopulated  large  areas 
of  that  continent  through  sleeping 
sickness  and  diseases  that  kill  cattle 
and  horses. 

Even  the  common  house  fly  is  a 
carrier  of  disease.  It  lays  eggs  in 


manure  and  other  filth  where  the 
larvae  (young)  may  feed.  The  adult 
fly  feeds  upon  filth  and  upon  food 
exposed  in  stores  or  in  our  homes. 
Its  feet  have  moist  pads  which  enable 
it  to  walk  upon  walls.  These  moist 
pads  easily  transfer  bacteria  from  a 
filthy  gutter  or  outbuilding  to  uncov¬ 
ered  food.  Cleaning  away  all  filth, 
screening  all  homes  and  food  stores, 
covering  all  food  with  screen  or  glass 
when  displayed  for  sale  are  impor¬ 
tant  measures  in  reducing  the  evil 
work  of  flies.  Typhoid  fever  is  espe¬ 
cially  liable  to  be  spread  by  the 
house  fly,  but  germs  of  tuberculosis 
and  many  other  diseases  may  easily 
ride  on  the  fly’s  feet. 

The  last  few  years  have  added  to 
our  knowledge  of  the  depredations 
of  insect  diseases  transmitted  to  do¬ 
mestic  animals  and  to  farm  and  or¬ 
chard  crops.  We  have  learned  much 
and  accomplished  something,  but 
seem  to  be  only  at  the  beginning  of 
our  campaign  against  insect-borne 
diseases  that  cost  man  dear. 

Helping  the  body  fight  dis¬ 
ease.  A  milkmaid  told  the  English 
physician,  Edward  Jenner  (1749- 
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1823),  about  1798,  that  she  could 
not  get  smallpox  because  she  had  had 
cowpox.  Those  were  the  days  when 
95  per  cent  of  the  adults  of  Europe 
bore  the  disfiguring  scars  of  small¬ 
pox.  One  can  only  guess  the  number 
of  deaths  each  year,  there  being  no 
reliable  records.  Jenner  took  some 
of  the  material  from  a  sore  on  a  cow 
and  used  it  to  vaccinate  persons.  A 
slight  sore  developed  on  the  per¬ 
son’s  arm  and  thereafter  he  was  im¬ 
mune  to  smallpox  (would  not  take 
it).  Smallpox  vaccine  is  now  grown 
upon  healthy  calves  and  prepared 
under  scientific  supervision,  but  the 
principle  is  that  which  Jenner  dis¬ 
covered.  Smallpox  is  not  produced 
by  bacteria  but  by  a  much  more  mi¬ 
nute  organism,  a  virus,  too  small  to 
be  seen  with  a  microscope.  It  may  be 
grown  in  the  developing  embryo  of 
a  hen’s  egg.  Vaccine  of  smallpox  and 
of  several  other  diseases  are  so  pre¬ 
pared. 

In  those  states  where  vaccination 
is  compulsory  very  few  physicians 
have  even  seen  a  case  of  smallpox. 
In  those  states  where  it  is  not  com¬ 
pulsory,  smallpox  is  of  much  more 
frequent  occurrence. 

Another  brilliant  conquest  is  that 
of  typhoid  fever.  This  disease  has 
been  the  scourge  of  cities  and  army 
camps  for  centuries.  In  our  Spanish 
War  we  lost  1500  men  from  typhoid 
and  had  20,000  cases  of  the  disease, 
in  an  army  of  about  100,000  men.  In 
World  War  I  with  an  army  of  about 
4,000,000  men,  we  had  only  300 
cases  and  23  deaths.  In  the  last  great 


war  the  disease  was  conquered.  It 
was  fought  by  vaccination  and  by 
care  of  the  food  and  water  supply  to 
see  that  the  germs  were  not  carried 
into  the  mouth.  The  bacteria  of  ty¬ 
phoid  attack  the  walls  of  the  intes¬ 
tine,  causing  ulcers.  The  poisons 
(toxins)  they  produce  are  carried 
throughout  the  body.  A  vaccine  is 
made  by  growing  the  bacteria — 
originally  from  a  person  having 
the  disease,  but  now  grown  on  cul¬ 
tures  in  laboratories.  The  bacteria 
are  killed  and  the  poisons  from  the 
bacteria  make  the  vaccine.  Small 
quantities  are  injected  under  the 
skin.  The  protection  seems  to  last  a 
few  years,  then  vaccination  must  be 
repeated. 

We  do  not  know  exactly  how  vac¬ 
cines  protect  against  disease,  but  it 
seems  to  be  about  as  follows:  The 
body  tries  to  destroy  any  poison  that 
enters  it.  The  power  to  destroy  poison 
is  increased  by  slow  additions  of  the 
poison.  By  small  doses  of  the  poison 
of  certain  disease  germs  the  power 
of  the  body  to  destroy  those  poisons 
is  vastly  increased.  The  vaccine  con¬ 
tains  those  poisons.  After  they  have 
been  injected,  the  blood  contains 
some  unknown  substances  which  de¬ 
stroy  the  poisons.  The  unknown  sub¬ 
stances  are  called  antibodies. 

Using  horses  in  our  battle 
with  disease.  If  small  but  increas¬ 
ing  doses  of  the  toxin  (poison)  of 
diphtheria  are  injected  into  a  horse, 
the  horse’s  blood  soon  contains  anti¬ 
bodies  that  destroy  the  toxins.  If  we 
draw  a  small  quantity  of  the  horse’s 
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Preventive  measures  against  disease. 
A  veterinary  vaccinates  this  cow 
against  Bang’s  disease.  A  doctor  vac¬ 
cinates  the  girl  with  smallpox  vac¬ 
cine  to  protect  her  against  smallpox. 
Steam  sterilizers  are  used  in  hospitals 
to  destroy  bacteria  on  instruments 
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blood  and  take  the  watery  part 
called  the  serum ,  we  can  use  it  to  de¬ 
stroy  diphtheria  germs.  This  is  the 
antitoxin  used  to  fight  diphtheria. 
When  a  child  is  attacked  by  diph¬ 
theria,  if  the  antitoxin  is  promptly 
injected,  the  child  recovers.  Before 
the  discovery  of  antitoxin,  the  child 
very  often  died.  “Membranous 
croup,”  as  it  was  called,  killed  hun¬ 
dreds  of  thousands  of  children  each 
year. 

Science  has  produced  similar  ser¬ 
ums  for  some  other  diseases.  Lock¬ 
jaw  (tetanus)  is  due  to  germs  that 
grow  when  they  are  jabbed  deep  into 
the  tissues  away  from  the  contact  with 
air.  It  is  deadly,  but  can  definitely  be 
stopped  by  prompt  injection  of  the 
proper  serum.  Serums  have  also 
been  used  successfully  to  combat 
scarlet  fever,  pneumonia,  yellow 
fever,  dysentery,  and  a  few  other 
diseases. 

Can  you  get  disease?  Many 
children  have  now  been  given  the 
Schick  test  to  see  if  they  can  get 
diphtheria.  A  small  quantity  of  diph¬ 
theria  toxin  is  injected  under  the 
skin.  If  an  irritation  occurs,  the  child 
is  susceptible  (subject  to  the  dis¬ 
ease),  and  should  be  treated  to  pre¬ 
vent  it.  Many  persons  are  naturally 
immune  to  this  and  many  other  dis¬ 
eases.  If  they  are  not  immune  to  diph¬ 
theria,  they  may  be  made  artificially 
immune  to  the  disease  by  the  toxin- 
antitoxin  treatment.  A  small  quantity 
of  the  toxin  mixed  with  antitoxin  is 
injected  at  intervals  of  a  few  days. 
In  place  of  toxin-antitoxin  another 


product,  toxoid,  is  now  often  used. 
Toxoid  is  weakened  toxin.  The  toxin 
or  toxoid  arouses  the  cells  to  pro¬ 
duce  antibodies  which  destroy  the 
toxins.  The  antitoxin  prevents  any 
possible  illness  from  the  toxin.  A 
toxoid  for  tetanus,  or  lockjaw,  given 
our  troops  prevents  tetanus  from 
wounds. 

The  Dick  test  similarly  tells 
whether  the  person  is  susceptible  to 
scarlet  fever,  and  a  toxoid  is  used  to 
prevent  the  disease. 

Unfortunately  we  do  not  have 
such  simple  tests  and  preventive 
treatment  for  many  diseases.  Small¬ 
pox  and  typhoid  may  be  prevented 
by  vaccination,  and  their  devastation 
where  preventive  measures  are  not 
taken  shows  that  practically  every 
person  is  susceptible. 

Vanquishing  tuberculosis.  “The 
great  white  plague,”  tuberculosis, 
is  a  curse  of  civilization.  Sav¬ 
ages  living  a  vigorous  life  in  the 
open  air  do  not  have  it.  It  comes 
with  crowded  life  in  cities  and 
houses  that  shut  out  the  stimulating 
rigors  of  nature.  It  has  been  esti¬ 
mated  that  some  5,000,000  people 
now  living  in  the  United  States  will 
die  of  tuberculosis.  Yet  this  need 
not  be.  The  death  rate  has  been  re¬ 
duced  50  per  cent  in  about  30  years. 
In  1909  tuberculosis  was  the  leading 
cause  of  death  in  the  United  States ; 
in  1943  it  was  seventh.  It  is  possible 
to  banish  the  disease  from  earth,  pro¬ 
vided  men  can  be  educated  to  know, 
to  do,  and  to  lend  a  hand  to  those 
unable  to  do  for  themselves. 
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The  germ  of  tuberculosis  attacks 
almost  any  tissue  in  the  body,  but  is 
most  common  in  the  lungs.  There 
it  causes  the  breaking  down  and 
hardening  of  the  tissue.  The  masses 
of  diseased  tissue  and  mucus  loaded 
with  disease  germs  are  coughed  up 
by  patients.  This  sputum  should  be 
received  into  such  receptacles  as 
paper  bags  and  destroyed  in  the  fire 
or  in  germicidal  solutions.  On  the 
sidewalk  or  in  the  gutter  it  may  be 
fed  upon  by  flies  which  will  next 
walk  upon  a  pretzel  or  cake  exposed 
for  sale  at  the  curb  or  in  an  un¬ 
screened  store. 

Tuberculosis  is  also  carried  by 
cows,  and  may  be  transmitted  to  man 
through  milk  and  milk  products.  A 
convenient  test  will  show  the  tuber¬ 
culous  cow.  If  tuberculin ,  a  prepa¬ 
ration  of  toxin  from  tuberculosis 
germs,  is  injected  into  a  tuberculous 
cow,  the  cow’s  temperature  rises. 
Many  states  now  provide  inspectors 
who  test  every  cow  supplying  milk. 

In  treating  the  patient,  we  need 
only  the  simple  ways  of  nature,  if 
the  disease  is  not  too  far  advanced. 
All  school  children  in  some  states 
and  all  workers  in  certain  industries 
of  those  states  are  examined  with 
the  tuberculin  test  and  with  X  rays. 
The  best  remedies  are  absolute  rest 
in  bed  or  in  easy  chairs,  good  food, 
air.  Such  simple  means  may  cure 
the  disease.  It  may  take  a  long  time. 
If  the  home  is  slovenly,  the  patient 
should  be  removed  to  a  sanitarium 
where  care  is  provided.  Many  sani¬ 
tariums  are  supported  at  public  ex¬ 


pense.  Whether  at  home  or  in  a 
sanitarium,  the  patient  needs  to  be 
under  the  care  of  a  physician. 

Topreventtuberculosis,wehavethe 
means  of  nature  and  the  safeguards 
of  our  public-health  officers.  Our 
great  protection  is  a  healthy  body. 

Hormones  to  set  the  body 
right.  We  are  constantly  learning 
more  about  hormones,  the  body 
regulators  produced  by  the  endo¬ 
crine  glands  (pages  110  and  415). 
Cortisone  has  performed  wonders  in 
relieving  arthritis,  a  painful  condi¬ 
tion  of  the  joints,  “joint  rheuma¬ 
tism.”  Cortisone  comes  from  the  ad¬ 
renal  glands,  tiny  glands  the  size  of 
the  end  of  your  little  finger  growing 
on  the  upper  end  of  the  kidneys. 
They  are  very  complex  glands  in 
spite  of  their  small  size.  They  pro¬ 
duce  several  hormones  that  control 
body  processes.  The  interior  por¬ 
tion,  called  the  medulla,  of  the  ad¬ 
renal  produces  adrenalin,  “the  fight¬ 
ing  hormone”  (page 41 5).  The  outer 
portion,  called  the  cortex,  produces 
quite  a  variety  of  hormones.  One  of 
these  is  cortisone.  Persons  crippled 
for  months  and  confined  to  bed  with 
painful  arthritis  have  been  up  and 
about  and  free  of  pain  two  days 
after  the  cortisone  treatment  began. 

Another  of  the  newer  hormones 
to  get  into  medicine  is  called  ACTH 
(adreno-cortico-tropic  hormones,  if 
you  prefer).  It  also  stops  arthritis 
because  it  stimulates  the  adrenal 
cortex  to  do  its  duty  producing  cor¬ 
tisone.  ACTH  comes  from  the  pitui¬ 
tary,  a  tiny  gland  the  size  of  a  small 
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cherry  that  lies  just  under  the  brain. 
It  is  the  master  gland,  boss  of  them 
all.  It  produces  about  thirty  differ¬ 
ent  hormones  that  govern  the  body 
processes.  These  hormones  used  in 
medicine  are  obtained  from  the  or¬ 
gans  of  animals  killed  for  food  in 
the  great  slaughter  houses. 

Fighting  germs  with  germs 
and  molds.  The  antibiotics  are 
doing  wonders  in  stopping  disease 
germs  in  the  body.  The  most  famous 
of  these  is  penicillin ,  the  greatest 
and  first  remedy  today  against  pneu¬ 
monia.  It  is  extracted  from  a  mold 
(page  424).  It  also  stops  streptococ¬ 
cus  germs  which  attack  our  bodies, 
causing  sore  throats,  abscesses,  ery¬ 
sipelas,  and  destroying  red  blood 
cells.  Streptomycin ,  extracted  from 
a  very  simple  moldlike  plant  some¬ 
what  resembling  bacteria,  stops  tu¬ 
laremia,  “rabbit  fever,”  that  has 
sometimes  knocked  men  out  for  the 
harvest  season.  It  has  given  immedi¬ 
ate  relief  from  undulant  fever,  a 
returning  fever  that  we  get  from  un¬ 
pasteurized  milk  or  directly  from 
infected  cows,  goats,  and  hogs.  It  has 
stopped  some  kinds  of  meningitis,  a 
deadly  disease  of  the  lining  mem¬ 
branes  of  the  spinal  cord  and  brain. 
Aureomycin  from  another  moldlike 
plant  stops  Rocky  Mountain  spotted 
fever  that  we  get  from  the  bite  of 
ticks  that  have  fed  on  infected  rab¬ 
bits.  That  disease  was  first  known  in 
the  Rocky  Mountains  but  is  now 
known  to  exist  right  to  the  Atlantic 
shores,  where  it  sometimes  causes 
death.  Aureomycin  stops  typhus 


fever  that  has  killed  millions  of 
people,  and  it  saved  the  lives  of  our 
soldiers  from  “scrub  typhus”  in  the 
islands  of  the  South  Pacific,  and 
it  stops  some  kinds  of  pneumonia. 
Chloromycetin ,  from  bacteria  that 
grow  in  the  soil,  obtained  originally 
from  the  soil  of  Venezuela,  stops 
several  kinds  of  bacteria,  germs  like 
those  of  Rocky  Mountain  spotted 
fever  and  viruses,  smaller  than  bac¬ 
teria.  Tyrothricin,  also  from  bac¬ 
teria,  is  used  against  several  other 
kinds  of  bacteria. 

Keeping  the  body  in  fighting 
trim.  There  are  many  other  dis¬ 
eases,  and  legions  of  germs  ever  at¬ 
tacking  our  bodies.  Common  colds 
cause  vast  loss  to  workers  and  to  in¬ 
dustry.  They  often  seem  to  be  air¬ 
borne  diseases.  Attempts  have  been 
made  to  prevent  colds  and  other  air¬ 
borne  diseases  by  sterilizing  rooms 
with  ultra-violet  rays  and  with  va¬ 
por  of  triethylene  glycol.  Against 
the  common  cold,  as  against  tuber¬ 
culosis,  pneumonia,  and  a  great 
many  so-called  minor  ills,  we  must 
turn  the  vigor  of  our  fighting  cells. 
Warm  clothing  in  the  winter  helps 
to  prevent  the  drain  upon  our  re¬ 
sistance  powers.  Rubbers  and  rain¬ 
coats  or  umbrellas  help  the  body  in 
its  battle  against  the  ever-present 
germs,  and  wet  feet  and  extreme 
fatigue  often  throw  the  battle  to  the 
germs.  No  body  can  carry  on  its 
battle  without  proper  feeding.  Care 
of  the  diet  is  one  of  the  first  thoughts 
in  guarding  against  disease.  Exei- 
cise  and  rest  are  also  of  primary 
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importance.  Vigor  demands  both.  A 
person  underfed,  fatigued,  and 
chilled  is  easy  prey  for  bacteria.  A 
person  in  abundant  vigor,  “in  the 
pink  of  condition,”  can  resist  germs 
of  disease. 

Health  battalions.  Living  as  we 
do  in  communities,  we  cannot  indi¬ 
vidually  carry  on  the  battle  against 
germs.  Each  one  of  us  is  a  source  of 
danger  to  his  neighbors,  and  each 
neighbor  is  dangerous  to  each  of  us. 
Yet  in  our  battle  for  health,  each 
adds  strength  to  each,  provided  each 
understands  and  does  his  part.  The 
great  diseases  cannot  be  fought 
single-handed.  Laboratories,  hospi¬ 
tals,  and  trained  men  and  women 
are  absolutely  necessary. 

Departments  of  public  health  pro¬ 
tect  our  milk,  meat,  and  other  food 
supplies.  Infected,  adulterated,  and 
misbranded  goods  are  driven  from 
the  market  by  the  united  action  of 
health  officers,  police,  and  courts. 
Under  the  Food,  Drug,  and  Cos¬ 
metic  Act  some  kinds  of  unfit  goods 
can  be  seized  and  dealers  prose¬ 
cuted.  Our  meat  supply  is  protected 
by  United  States  inspectors  who  are 
stationed  in  slaughterhouses  where 
they  inspect  every  carcass  and  stamp 
it  as  fit  for  use  or  condemn  it  as  fit 
only  for  the  manufacture  of  fer¬ 
tilizer. 

Water  supplies  are  sources  of 
danger  until  properly  controlled. 
Fifty  years  ago  many  a  city  in  the 
United  States  was  a  pest  hole  for 
typhoid  because  of  contaminated 
water.  Now  the  large  cities  are  the 


safest  places  to  obtain  drinking 
water  when  traveling.  In  Chapter 
Seven  you  studied  how  water  is  made 
safe. 

In  the  control  of  epidemics  the 
health  department  advises  how  the 
individual  may  best  live  to  avoid 
the  danger.  By  quarantine,  sufferers 
from  infectious  diseases  and  those 
who  have  been  in  contact  with  them 
are  isolated  until  danger  of  their  in¬ 
fecting  others  is  past.  Patients  are 
treated  in  hospitals,  often  free  of 
charge.  Vaccines  and  serums  are 
often  supplied  and  administered 
free  of  charge.  At  our  ports  the 
United  States  maintains  quarantine 
stations  where  entering  ships  and 
their  passengers  are  inspected,  and 
patients  and  other  sources  of  disease 
are  cared  for  by  hospitalization, 
vaccination,  disinfection,  or  such 
other  treatment  as  is  needed.  It  is  to 
the  vigilance  of  health  officers  at  the 
ports  that  we  owe  our  freedom  from 
many  diseases.  The  plague,  for  ex¬ 
ample,  rages  in  the  East  where  ships 
constantly  clear  for  American  ports; 
without  the  care  of  our  health  officers 
many  cases  would  land  on  our  shores. 

Our  success  in  control  by  health 
officers  depends  upon  giving  them 
sufficient  authority  to  enforce  regu¬ 
lations  that  science  has  proved  neces¬ 
sary.  The  magnificent  work  of  the 
Army  Medical  Department  under 
General  Gorgas  and  his  successors 
in  Panama  is  a  brilliant  example  of 
how  health  may  be  restored  and  im¬ 
proved  when  health  officers  are  given 
authority. 


Unit  Thirteen 

The  Changing 
Balance  of  Nature 


Someone  dropped  a  water  hyacinth  from 
South  America  into  a  river  in  Florida ,  and 
soon  the  streams  were  choked  so  that  boats 
could  hardly  force  their  way  through.  Some¬ 
one  threw  a  piece  of  Canadian  water  weed  into 
a  stream  in  England  and  the  streams  were 
choked.  Someone  introduced  the  mongoose, 
the  killer  of  snakes  from  India,  into  Jamaica, 
and  soon  it  became  a  terrible  enemy  of  the 
poultry  raiser.  A  box  of  gypsy-moth  eggs  from 
Europe  blew  out  a  window  of  an  experimenter 
in  Massachusetts,  and  now  the  Government  is 
battling  to  save  the  forests  from  destruction  by 
gypsy  moths. 

Man  destroyed  the  vast  herds  of  buffalo  that 
sometimes  covered  the  plains  as  far  as  the  eye 
could  see.  Then  he  introduced  cattle.  Wolves, 
mountain  lions,  and  bears  turned  from  buffalo 
to  cattle  calves.  Man  poisoned,  shot,  and  trapped 
the  beasts  of  prey;  and  rabbits,  prairie  dogs, 
and  ground  squirrels  swarmed.  So  the  story 
could  be  repeated  throughout  the  world,  of 
mans  introducing  a  creature  or  destroying  a 
creature  and  creating  a  pest.  Rats,  mice,  and, 
worst  of  all,  insects  and  weeds  have  followed 
the  white  man  around  the  globe.  W e  study 
now  nature’s  method  of  pest  control. 

(2)  Cornelia  Clarke,  ( 2 )  Ewing  Galloway,  N.Y.,  (3)  J.  C.  Allen 
and  Son,  (4)  H.  M.  H.  Kimball 


Chapter  Fifty-eight 


How  the  Balance  of  Life  Changes 


Fitness  for  living.  Eat  but  do 
not  be  eaten.  That  is  the  first  law  of 
animal  nature.  The  search  for  food 
and  safety  has  led  creatures  to  the 
depths  of  the  sea  and  into  the  desert, 
to  the  ice  fields,  and  to  the  steaming 
jungles.  Scarcely  a  space  or  a 
cranny  on  earth  is  without  its  living 
things.  Every  animal  living  upon 
the  earth  has  found  a  way  to  get  food 
and  to  escape  from  its  enemies  for  a 
time. 

The  clam  secretes  a  hard  shell  for 
itself  and  digs  into  the  mud,  and 
sends  up  a  long  neck  or  “siphon” 
containing  two  tubes.  Through  one 
of  these  it  draws  down  water  con¬ 
taining  microscopic  food  and  oxy¬ 
gen;  through  the  other  it  sends  out 
water  carrying  waste  matter.  Con¬ 
trast  this  sluggish  life  with  that  of 
the  squirrel  that  clings  with  agile 
limbs  and  sharp  claws  to  the  swaying 
twigs  while  he  bites  off  buds,  pine 
cones,  and  nuts.  His  sharp  teeth  are 
fitted  to  clip  off  woody  twigs  and 


gnaw  away  hard  shells  of  nuts  (Fig. 
C).  Alert  and  quick,  at  the  sign  of 
an  enemy  he  scampers  up  the  trunk 
and  lies  flat  against  a  branch,  his 
gray-and-brown  coat  hiding  him 
from  many  an  enemy. 

The  deer  goes  bounding  over  the 
fallen  trees  at  the  first  suspicious 
sound  or  smell  to  hide  in  the  depths 
of  the  forest.  Wolves,  keen  of  smell, 
quiet  of  foot,  crafty  and  fleet,  creep 
up  under  the  shelter  of  grass  and 
bushes  until  they  can  make  a  united 
rush  at  the  deer.  The  hawk,  keen  of 
sight,  swoops  down  suddenly  to  a 
grass  field  and  grasps  a  mouse  in  its 
deadly  talons.  The  pheasant  lies  low 
in  the  grass  or  flashes  into  the  brushy 
thickets,  its  color  in  either  surround¬ 
ing  hiding  it  from  hawk  or  gunner. 

Notice  how  a  cat  is  built  to  catch 
its  dinner  in  the  wild.  It  has  padded 
feet  on  which  it  can  creep  silently 
upon  a  feeding  bird.  Its  limbs  are 
built  for  the  sudden  spring.  Its  ex¬ 
tended  claws  grasp  the  prey.  Its  teeth 
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Skeleton  of  a  cat. 
Compare  the  arrange¬ 
ment  of  leg  bones 
with  your  own.  How 
are  the  cat’s  legs  fitted 
for  its  life  and  how 
are  yours  better  fitted 
for  your  life? 


HOW  THE  BALANCE 

are  adapted  for  its  diet  of  meat.  The 
front  teeth,  unlike  those  of  the  gnaw¬ 
ing  squirrel,  are  small  and  weak.  Its 
long  canine  teeth  plunge  into  its 
prey.  Its  sharp  back  teeth  shear  away 
the  flesh  like  a  pair  of  scissors  (Fig. 
B).  The  cat  is  an  excellent  example 
to  show  how  the  bodies  of  carniv¬ 
orous  (flesh-eating)  animals  are 
adapted  to  their  way  of  life.  Note  the 
picture  of  the  skeleton. 

Consider  the  cow,  a  herbivorous 
(plant-eating)  animal  (Figs.  D  and 
E).  Look  at  those  big  back  teeth 
with  their  hard  ridges.  They  are 
adapted  to  their  work  of  grinding  the 
hard  cellular  walls  of  grass  and 
corn,  so  that  digestive  juices  can 
reach  the  starch  and  protein  stored 
inside  the  cells.  Front  teeth  are  lack¬ 
ing  on  the  upper  jaw.  The  cow  wraps 
its  long  tongue  around  a  bunch  of 
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grass,  gives  it  a  pull,  and  cuts  it  off 
with  the  front  teeth  of  the  lower  jaw. 
Watch  them  the  next  time  you  see 
cows  grazing  in  a  field.  The  legs  and 
feet  of  the  cow,  too,  are  adapted  to  a 
grass  eater’s  life.  In  the  protected 
life  of  our  dairy  cows  their  fitness 
for  speed  is  not  so  important  as  it  is 
to  their  wild  relatives,  deer,  ante¬ 
lope,  and  buffalo  (Fig.  A). 

Upsetting  the  balance  of 
nature.  The  antelope,  struck  down 
by  the  lion,  and  the  deer,  torn  apart 
by  a  pack  of  wolves,  excite  our  sym¬ 
pathy.  Is  the  work  of  the  lions  and 
the  wolves  all  evil?  In  some  of  our 
national  game  preserves  in  the  West, 
wolves  and  mountain  lions  were  ex¬ 
terminated  to  save  the  deer.  After¬ 
ward  deer  multiplied  until  they  are 
so  numerous  that  there  is  not  food 
enough  to  supply  them.  When  winter 


Hugh  Spencer 

Adult  potato  beetle  with  its  eggs  and 
larvae 

comes  and  food  is  scarce,  they  die  by 
the  hundreds.  Many  more  die  of  star¬ 
vation  than  were  killed  by  the  wolves 
and  mountain  lions,  and  the  sur¬ 
vivors  are  weakened  by  hunger.  On 
some  of  the  preserves  hunters  are 
sent  in  to  kill  enough  deer  to  prevent 
all  from  starving  to  death.  The  herds 
of  elk  in  the  Yellowstone  region, 
driven  by  hunger,  sometimes  attack 
the  stacks  of  hay  that  ranchers  have 
laid  up  for  their  cattle.  The  Govern¬ 
ment  has  sent  in  feed,  but  the  pro¬ 
tected  herds  are  so  large  that  supply¬ 
ing  them  is  out  of  the  question.  Dis¬ 
posing  of  surplus  buffalo  on  the  Yel¬ 
lowstone  range  has  become  a  serious 
problem.  On  the  Canadian  buffalo 
range  enough  animals  are  shot  an¬ 
nually  to  keep  the  herd  within  the 
capacity  of  the  range. 

Similarly  in  the  insect  world, 
man’s  interference  with  nature’s  pop¬ 
ulation  has  brought  on  hordes  of 
hungry  animals.  When  potato  fields 


replaced  the  grass  and  wild  plants  of 
Colorado,  a  little  striped  beetle  left 
certain  wild  relatives  of  the  potato 
and  took  to  the  great  feasts  that  man 
had  unwittingly  spread  for  it.  It  mul¬ 
tiplied  till  it  swarmed  out  of  Colo¬ 
rado,  and  marched  and  flew  eastward 
until  it  reached  the  ocean.  Then  after 
a  time  it  took  passage  for  the  fields 
of  France.  This  is  our  common  po¬ 
tato  bug. 

You  have  probably  heard  of  the 
rabbits  that  someone  introduced  into 
Australia.  With  none  of  their  native 
enemies,  they  multiplied  until  they 
ate  the  sheep  country  bare  of  grass. 
Later  someone  introduced  the  Ameri¬ 
can  cactus  into  the  Australian  dry 
lands,  and  now  it  is  a  curse  crowding 
out  the  native  plants  that  furnished 
fodder  for  cattle  and  sheep.  Amer¬ 
ica,  too,  has  had  its  share  of  animals 
and  plants  that  have  been  introduced 
intentionally  or  by  accident  and  later 
become  pests.  The  English  sparrow 
and  the  starling  were  introduced  here 
in  the  same  manner  as  were  rabbits 

Mexican  bean  beetle  and  larva 
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in  Australia.  These  introduced  ani¬ 
mals  and  plants  have  become  pests 
because  their  enemies  have  not  been 
introduced  with  them. 

Nature  in  the  long  run  keeps  her 
creatures  balanced.  Food  and  ene¬ 
mies  are  two  of  nature’s  means  of 
balancing  the  populations  of  plants 
and  animals  in  any  country.  In¬ 
creased  food  brings  increased  popu¬ 
lation.  But  increase  of  any  animal  in 
a  country  means  food  for  its  enemies. 
The  increase  of  enemies  brings  down 
the  number  of  the  food  animals.  If 
man  has  killed  all  the  enemies,  or  if 
he  has  carried  an  animal  to  a  new 
country  where  it  finds  no  enemies,  it 
may  increase  until  it  becomes  a  pest. 

Regaining  the  balance.  Our 
worst  pests  are  imported  insects.  The 
Japanese  beetle  came  into  New  Jer¬ 
sey  on  some  nursery  stock.  It  eats  al¬ 
most  every  plant  that  grows,  and  is 
spreading  farther  and  farther  each 
year.  The  European  com  borer  was 
introduced  on  broom  corn  from  Italy 
and  Hungary.  Now  it  threatens  the 
vegetation  of  our  great  corn  belt,  for 
it  feeds  on  many  plants  besides  com. 
The  Mediterranean  fruit  fly  came  un¬ 
invited  into  Florida  and  threatened 
to  destroy  the  fruit  industry  in  all 
our  warm-climate  states. 

Biologists  are  fighting  these  hordes 
of  insects  by  introducing  their  ene¬ 
mies  from  their  native  homes.  One 
of  the  most  successful  attempts  to  re¬ 
establish  nature’s  balance  in  this  way 
was  by  fighting  a  scale  insect  that 
threatened  to  stop  orange  growing  in 
California.  In  faraway  Australia 
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our  biologists  found  that  the  scale 
was  living  but  was  not  a  serious  pest. 
They  found  out  why.  A  lady  beetle 
fed  upon  it.  These  lady  beetles  were 
introduced  into  California.  With  an 
abundant  supply  of  their  favorite 
food,  they  multiplied  until  the  scale 
was  brought  under  control.  Insect 
enemies  of  many  other  insect  pests 
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ENGLISH  SPARROW 


The  food  of  some  common  birds  of  the  continent  of  North  America 


BEETLES 
GRASSHOPPERS 
.  ETC. 


CORN  AW  FRUIT 


are  being  studied  and  introduced  to 
restore  the  balance  that  was  upset. 
Insects  from  America  introduced 
into  Australia  to  reduce  the  cactus 
pest  have,  in  certain  areas,  reduced 
it  ninety-five  per  cent.  A  small  wasp 
lays  its  eggs  on  the  tomato  worm, 
and  its  larvae  destroy  the  worm  by 
feeding  upon  it  before  spinning 
their  cocoons.  A  picture  of  a  worm 
bearing  its  fatal  load  of  cocoons  is 
shown  in  figure  1  on  page  437.  Two 
species  of  toad  have  been  intro¬ 
duced  into  Florida  from  Argentina 
to  combat  insects  that  destroy  sugar 
cane. 

Our  animal  allies.  If  you  have 
watched  a  mother  bird  feeding  a  nest 
of  young,  you  will  see  the  old  bird 
return  to  her  nest  every  few  minutes 
with  a  beak  filled  with  food.  That 
food  for  the  young  is  largely  insect 
larvae  (young).  Even  seed-eating 
birds  feed  their  young  on  animal 
food.  Young  birds  grow  at  an  ex¬ 
tremely  fast  rate.  They  must  have 


protein  to  make  tissue.  Animal  food 
supplies  the  tissue-building  food. 
The  animal  food  that  is  available  in 
abundance  is  insects.  A  wren  was 
seen  to  feed  its  young  six  hundred 
times  in  one  day.  Vast  quantities  of 
weed  seeds  are  also  eaten  by  birds, 
notably  by  our  native  sparrows, 
juncos,  bobwhites,  grouse,  and 
ducks.  The  diagram,  above,  shows 
the  food  of  some  of  our  common 
birds. 

SOME  BIRDS  THAT  HELP  MAN 

Birds  that  catch  insects  on  the  wing: 
Swallow  Nighthawk 

Swift  Martin 

Whippoorwill 
Fly  catchers : 

Kingbird 

Phoebe 

Pewee 

Other  fly  catchers 
Warbler: 

About  30  species 
Bluebird 
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Birds  that  search  trunks  and 
branches  for  insects  and  insect 
eggs: 


Creeper 

Nuthatch 

Woodpecker 


Birds  that  search  twigs  and  foliage 
for  insects  and  insect  eggs: 


Vireo 

Catbird 

Kinglet 

Oriole 

Chickadee 

Tanager 

Titmouse 

Robin 

Cuckoo 

Bluejay 

Wren 

Goldfinch 

Thrush 

Birds  that  search 

low  plants 

ground  for  insects: 

Thrush 

Blackbird 

Wren 

Catbird 

Flicker 

Starling 

Meadow  lark 

Crow 

Robin 

Gull 

Killdeer 

Sparrow 

Snipe 

Birds  that  eat  weed 

seeds: 

Song  sparrow 
Chipping  sparrow 
Field  sparrow 
Tree  sparrow 
White-throated  sparrow 
White-crowned  sparrow 
Vesper  sparrow 
Grasshopper  sparrow 
Fox  sparrow 
English  sparrow 
Many  other  sparrows 
Goldfinch 


Purple  finch 

Other  finches 

Indigo  bunting 

Grouse 

Pheasant 

Quail 

Chewink 

Horned  lark 

Meadow  lark 

Blackbird 

Cowbird 

Cardinal 

Robin 

Duck 

Red-winged  blackbird 

Dickcissel  (black-throated  bunt- 

ing) 

Birds  that  eat  rats  and  mice: 

Owl 

Heron 

Hawk 

Jay 

Crow 

Gull 

Raven 

Birds  that  eat  dead  animals: 

Turkey  buzzard  (turkey  vulture) 

Black  vulture 

Crow 

Eagle 

Magpie 

Gull 

The  damage  that  birds  do  to  our 
orchards  and  fruit  gardens  is  more 
than  offset  by  their  destruction  of  in¬ 
sects  and  weed  seeds.  Where  birds 
are  encouraged,  the  insect  hordes  are 
diminished.  Nesting  sites,  including 
boxes  for  those  that  will  use  them, 
bird  baths,  and  food  induce  them  to 
stay  about  houses  and  gardens.  The 
enforcement  of  existing  laws  will 
afford  protection  from  men  with 
guns.  Treaties  with  Canada  have  pro¬ 
tected  migratory  birds  in  these  two 
countries.  We  now  need  treaties  that 
will  secure  protection  of  those  that 
spend  the  winter  season  in  South 
America. 
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adapted  to  their  habits.  What  do 
these  pictures  tell  you  about  birds? 

The  bird’s  worst  enemy  about 
houses  and  gardens  is  the  house  cat. 
The  practice  of  clipping  the  claws  of 
cats  has  been  tried  with  good  results. 
It  is  true  that  it  prevents  cats  from 
climbing  trees,  but  it  also  prevents 
them  from  catching  birds.  The  pro¬ 
cedure  of  keeping  cats  indoors  until 
they  have  been  well  fed  helps  to  re¬ 
duce  their  activity  in  bird  catching. 

In  our  battle  with  insects,  some 
other  animals  are  on  the  side  of  man. 
Frogs  and  toads  feed  chiefly  on  in¬ 
sects.  A  toad  in  the  garden  is  said  to 
be  worth  twenty  dollars  a  year. 
Snakes,  which  most  people  kill  with¬ 
out  thought,  are  valuable  destroyers 
of  our  chief  competitors,  the  insects, 
as  well  as  of  mice  and  rats.  Skunks, 
too,  and  other  furry  animals  pick  up 
many  insects  in  their  nightly  nosings 
about  the  ground.  All  these  animal 
friends  need  our  protection  and  en¬ 
couragement  in  the  battle  to  keep  the 
balance  of  life  in  our  favor. 

A  thoughtless  man  with  a  gun  usu¬ 
ally  kills  hawks  and  owls  on  sight, 
yet  we  probably  have  no  more  valu¬ 
able  allies  than  these  birds  of  prey. 
Their  chief  food  is  rats  and  mice.  Ex¬ 
amination  of  the  stomach  contents 


and  of  droppings  of  these  birds  has 
shown  only  now  and  then  a  small 
bird  and  rarely  a  chicken.  Only  two 
or  three  out  of  our  many  species  of 
hawks  and  owls  sometimes  kill  chick¬ 
ens.  If  an  individual  of  one  of  these 
species  forms  a  habit  of  searching 
for  young  chickens  on  a  farm,  there 
is  nothing  to  do  but  to  get  the  gun. 
Usually,  however,  the  hawk  circling 
about  the  fields  is  searching  for  field 
mice.  Where  hawks  have  been  killed 
off,  plagues  of  field  mice  have  some¬ 
times  developed. 

Balancing  the  food  elements. 
Plants  and  animals  are  also  bal¬ 
anced  against  each  other.  Plants  are 
continually  drawing  their  carbon  and 
oxygen  from  the  air  and  their  hydro¬ 
gen  and  other  elements  from  the  soil. 
Animals  are  continually  drawing 
their  food  elements  from  plants.  Is 
there  any  limit  to  the  supply  of  the 
food  elements  on  earth?  The  experi¬ 
ence  of  farmers  seems  to  show  that 
there  is  a  limit  to  it  on  the  farm. 
There  comes  a  time  after  continual 
cropping  when  the  farm  is  no  longer 
profitable  unless  some  of  these  ele¬ 
ments  are  returned  to  the  soil  as 
fertilizers. 
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Much  of  the  earth's  supply  of  carhon 
keeps  moving  around  in  a  cycle 


Nature  fertilizes  her  own  fields 
and  woods.  The  next  time  you  take  a 
walk  through  a  woods,  try  to  find 
where  the  leaves  go  when  they  die. 
Examine  the  dead  leaves  on  the  floor 
of  the  forest.  On  the  surface,  the 
leaves  are  generally  so  well  pre¬ 
served  that  you  can  name  the  kind  of 
tree.  A  little  below  the  surface  they 
are  broken  into  bits.  Still  farther 
down  they  are  merely  small  parts, 
and  below  this  is  just  dark-colored 
soil,  humus. 

Perhaps  you  will  find  white 
threads  winding  through  the  decay¬ 
ing  leaves.  These  are  the  threads  of 
toadstools  and  other  fungi.  You  may 
find  beetles,  and  the  young,  or  larvae, 
of  many  kinds  of  insects.  Perhaps 
you  will  find  worms  and  other  small 
animals.  With  a  microscope  you  may 
find  bacteria. 

The  fungi  and  the  little  animals 
feed  on  the  dead  leaves.  All  the  dead 
leaves  and  broken  twigs  and  branches 
contain  the  elements  that  the  trees 
get  from  the  soil.  Having  served  the 
tree  they  serve  the  bacteria,  fungi, 
and  little  animals  of  the  forest  floor. 


Even  when  the  worms  and  insects 
are  done  with  these  elements,  nature 
is  not  yet  done  with  them.  The  wastes 
of  the  animals  and  their  dead  bodies 
still  contain  food  elements.  They 
serve  then  as  food  for  bacteria  and 
fungi.  When  bacteria  are  through 
with  them,  the  elements  are  again  in 
condition  for  feeding  green  plants. 

Thus,  through  the  long  ages  of  life 
on  earth,  nature  has  used  the  same 
elements  again  and  again.  The  green 
plants  continually  build  the  simple 
elements  up  into  more  complex  com¬ 
pounds.  Animals  and  colorless 
plants,  the  bacteria  and  fungi,  con¬ 
tinually  tear  them  down  into  simpler 
compounds.  The  building  process 
begins  with  photosynthesis  (food¬ 
building  by  means  of  light).  The 
tearing  down  is  chiefly  oxidation. 
Thus  carbon  dioxide  from  the  air 
and  water  from  the  soil  are  united  to 
form  carbohydrates.  Other  elements 
from  the  soil,  such  as  nitrogen,  sul¬ 
phur,  and  phosphorus,  are  added  to 
make  proteins.  Green  plants  build 
these  foods,  using  the  energy  of  the 
sun  in  the  process  of  photosynthesis. 
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Then  living  cells  in  plants  and  ani¬ 
mals  oxidize  the  foods  to  get  the  en¬ 
ergy  of  life.  The  elements  return  to 
soil  and  air.  The  diagrams  on  page 
445  show  the  cycles  through  which 
carbon  and  nitrogen  pass. 

Not  all  the  nitrogen,  however,  re¬ 
turns  to  the  soil  directly.  The  foul 
odors  of  decaying  bodies  are  often 
due  to  nitrogen  compounds  that  are 
passing  off  as  gas  into  the  air.  Green 
plants  cannot  use  the  gaseous  nitro¬ 
gen  of  the  air.  Only  certain  lowly 
plants  can,  chiefly  certain  kinds  of 
bacteria  that  live  in  the  soil  and  on 
the  roots  of  plants  of  the  bean  and 
clover  family  (legumes).  From  the 
nitrogen  of  the  air  these  bacteria 
make  the  nitrates  on  which  the  green 
plants  depend  for  their  supply  of 
nitrogen. 

Man’s  search  for  food.  Man,  in 
his  search  for  food,  finds  that  nature 
provides  for  him  just  as  she  provides 
for  other  living  things.  The  raw 
minerals  are  in  the  soil  where  he  can¬ 
not  use  them  for  food.  Like  other 
animals  and  plants  without  chloro¬ 
phyll,  he  must  turn  to  green  plants 
for  the  first  combination  of  the  ele¬ 
ments  into  food.  Man’s  conquest  of 
the  earth  has  been  made  possible  by 
his  control  of  those  plants  which 
serve  him  as  food  factories.  He  has 
learned  that  the  control  of  the  crop 
plants,  however,  requires  the  control 
of  many  other  living  things — insects, 
rats  and  mice,  birds  and  other  animal 
allies,  bacteria  and  fungi.  Success¬ 
ful  farming  is  thus  a  very  intricate 
process,  requiring  study  of  many 


kinds  of  plants  and  animals,  of  their 
feeding,  their  home  life,  their  breed¬ 
ing,  and  the  disposition  of  their 
wastes. 

The  new  balance  of  life.  Be¬ 
fore  the  white  man  came  to  Amer¬ 
ica,  there  was  a  balance  of  life 
that  fitted  the  Indian  living  in  his 
wild  environment.  The  Indians  were 
not  numerous.  In  the  time  of  Colum¬ 
bus  there  were  probably  about  700,- 
000  Indians  in  what  is  now  the 
United  States.  Their  main  food  sup¬ 
ply  was  the  wild  animals  of  the  coun¬ 
try.  Corn,  beans,  and  a  few  other 
crops  were  raised  in  a  small  way  by 
some  Indians,  but  in  the  main  they 
were  hunters,  not  farmers.  The  forest 
and  the  prairies  fed  their  food  ani¬ 
mals.  Deer,  buffalo,  elk,  and  moose 
were  kept  in  balance  with  their  sup¬ 
ply  of  winter  fodder  by  wolves, 
mountain  lions,  and  Indians.  The 
country  was  supporting  about  as 
much  life  as  it  could  in  the  wild  state. 

Then  the  white  man  spread 
through  the  country.  He  cut  down 
the  woods  and  planted  com,  wheat, 
and  other  crops.  He  killed  off  the 
deer  from  most  of  the  country  and 
almost  exterminated  the  buffalo.  At 
the  same  time  he  wiped  out  the  bear, 
wolves,  and  mountain  lions.  The 
white  man’s  invasion  of  his  hunting 
ground  and  the  destruction  of  his 
game  were  the  chief  causes  of  the 
wars  with  the  Indian. 

The  upset  of  natural  life  at  first 
favored  the  settlers’  crops  and  farm 
animals.  The  rich  land  that  had  never 
been  tilled  yielded  large  crops.  More 
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white  men  came  in  and  developed 
farms  in  the  wilderness. 

Gradually  came  a  change.  The 
age-long  balance  that  had  been  upset 
was  readjusting  itself.  The  soils,  no 
longer  receiving  their  yearly  return 
of  dead  forest  leaves  and  suffering 
from  the  yearly  removal  of  food  ele¬ 
ments  in  the  crops,  showed  signs  of 
exhaustion.  Reduced  yield  was  na¬ 
ture’s  readjustment.  Many  kinds  of 
insects  had  also  increased  with  the 
increase  of  food  supplied  by  the  set¬ 
tler’s  crops.  New  insects  without 
their  enemies  were  introduced  from 
foreign  lands.  Insects  further  re¬ 
duced  the  yield.  Many  farms,  no 
longer  profitable,  as  in  New  Eng¬ 
land,  were  abandoned.  Then  the 
forest  began  to  return  over  the  aban¬ 
doned  fields. 

On  the  better  lands  man  has  set 
out  to  battle  nature  as  she  set  about 
readjusting  the  balance.  Reduced 
yields  are  fought  by  fertilizing  the 
fields.  Scientific  farming  feeds  the 
soil  bacteria  with  organic  food  and 
cultivates  the  soil  to  give  them  air, 


warmth,  and  proper  moisture.  Better 
seed,  better  varieties  of  crop  plants, 
and  better  systems  of  farming  are  in¬ 
troduced  to  secure  increased  yield. 
Insects  are  fought  by  poison  sprays 
and  their  natural  enemies.  Man  has 
learned  to  protect  the  birds  and  wild 
animals  that  feed  on  insects.  He  pro¬ 
tects  also  the  birds  and  beasts  of 
prey  that  keep  down  mice  and  other 
gnawing  animals  so  destructive  to  his 
crops  and  stores. 

The  balance  of  life  is  not  fixed  and 
stationary,  but  forever  changes,  as 
life  changes.  When  man  does  not  up¬ 
set  the  balance,  nature  does.  In  the 
wilds  of  northern  Canada,  for  ex- 
ample,  birds  and  fur-bearing  ani¬ 
mals  increase  for  a  number  of  years 
and  then  decrease  for  another  series 
of  years.  It  may  be  disease,  enemies, 
or  weather  that  starts  the  shift  in  bal¬ 
ance.  As  the  change  becomes  greater, 
more  and  more  species  of  animals 
are  affected  until  a  new  temporary 
balance  is  reached.  Then  the  balance 
tilts  back  again.  While  there  is  life, 
there  is  change. 


Field  Study 


To  study  the  adaptations  of  animals 
and  plants.  As  you  studied  briefly  the 
adaptations  of  the  cat  and  the  cow  in 
this  chapter,  study  other  animals  at 
home,  on  the  farm,  in  the  woods,  at  the 
zoo.  Note  where  the  animal  lives,  how  it 
escapes  its  enemies,  how  it  gets  its  food, 
etc.  How  is  the  animal  adapted  or  suited 
to  attain  these  ends?  Note  coloration, 
skin  covering,  legs  and  feet,  jaws  and 
teeth.  Among  common  animals  you  may 
see:  frogs  and  salamanders;  snakes,  tur¬ 
tles,  and  lizards;  birds;  bats;  fish;  oys¬ 


ters;  starfish;  bees,  moths,  and  other  in¬ 
sects. 

Similarly  study  the  adaptations  of 
some  common  plants,  including  roots, 
stem,  leaves,  flowers,  and  fruit.  Study 
some  of  the  following:  a  tree,  a  vine,  an 
herb,  seaweed,  pond  scums,  mushrooms. 

Experiment  153 

To  establish  a  balanced  aquarium. 
You  may  buy  suitable  plants  and  ani¬ 
mals  for  an  aquarium,  but  it  is  more 
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fun  to  find  them  out  of  doors.  Put  some 
sand  and  a  few  rocks  on  the  bottom. 
For  plants  try  various  submerged  plants 
until  you  find  those  that  thrive  in  your 
aquarium.  Anchor  the  plants  in  the  sand 
by  tying  to  rocks  or  other  weights.  To 
capture  the  animals,  use  a  dip  net  cov¬ 
ered  with  mosquito  netting.  Try  min¬ 
nows,  frogs,  tadpoles,  salamanders, 
snails,  aquatic  insects.  Do  not  put  too 
many  animals  into  your  aquarium.  Two 


or  three  minnows  or  tadpoles,  a  sala¬ 
mander,  and  four  or  five  snails  are 
enough.  Try  them  with  various  foods 
and  see  what  they  take.  For  frogs  try 
worms  and  live  insects.  Watch  the  snails 
find  their  own  food  in  your  aquarium. 
Do  not  overfeed,  and  remove  any  food 
not  taken  before  it  begins  to  decay. 
Learn  how  each  plant  or  animal  in  the 
community  helps  others  and  is  helped  in 
its  struggle  for  existence. 


Additional  Questions  to  Think  Out 


1.  Is  man  as  well  adapted  as  a  dog 
to  run;  to  find  food  in  the  wild;  to  en¬ 
dure  cold?  Name  some  acts  that  man 
performs  with  his  hands  that  a  dog  does 
in  another  manner.  Which  does  them 
better?  What  parts  of  man’s  body  have 
given  him  the  advantage  so  that  he  has 
destroyed  the  wild  dogs? 

2.  Is  man  as  well  adapted  to  life  in 
the  wild  as  are  wild  animals  and  plants? 
Before  you  answer,  consider  the  lives  of 
the  Eskimo,  the  African  savage,  and  our 
own  pioneers  in  the  days  of  Daniel 
Boone. 

3.  Prepare  a  list  of  wild  animals 
that  are  harmful  to  garden  and  forest 
and  another  of  those  that  are  helpful. 
Indicate  the  influence  of  each. 

4.  How  does  a  tree  protect  itself 
against  enemies? 

5.  How  do  wild  things  protect  them¬ 
selves  against  the  rigors  of  winter? 
Think  of  the  oak  tree,  the  lilies,  annual 
plants,  squirrel,  bee,  ground  hog,  and 
bear. 

6.  A  horned  toad  has  been  known 
to  live  for  six  months  without  eating. 
Why  could  not  a  cat  do  so? 

7.  Why  have  birds  higher  bodily 
temperatures  than  furry  animals?  Why 
are  snakes  more  active  in  hot  summer? 

8.  Why  are  communities  of  plants 
and  animals  made  of  various  and  di¬ 
verse  kinds? 

9.  Brown  rats  have  followed  the 
white  man  around  the  world.  How  could 


they  upset  the  balance  of  nature  in  a 
new  country? 

10.  Compare  the  Eskimo  and  the 
polar  bear  as  to  their  places  in  the 
Arctic  community.  Sealers  from  farther 
south  have  destroyed  seals  and  walruses 
in  many  parts  of  the  Arctic.  How  would 
such  destruction  affect  the  Eskimo  and 
the  bears? 

11.  Siberian  reindeer  were  intro¬ 
duced  into  Alaska  to  support  the  natives 
after  white  men  had  made  serious  in¬ 
roads  upon  the  game  and  fish.  How  are 
reindeer  adapted  to  live  in  the  Arctic 
winter?  How  are  the  Eskimos?  How 
would  the  introduction  change  the  lives 
of  other  animals  and  men? 

12.  Explore  a  vacant  lot;  a  park;  a 
field;  a  brook;  a  wood.  Dig  about  the 
roots  of  plants,  search  the  dead  leaves 
and  mud.  List  the  living  things  and  tell 
how  each  gets  food  and  shelter. 

13.  What  wild  and  half-wild  animals 
live  about  the  city — sparrows,  insects, 
mice,  stray  cats,  etc?  How  does  each  get 
food,  water,  protection? 

14.  Sometimes  disease  kills  large 
numbers  of  wild  rabbits.  How  would 
such  disease  affect  plants  and  animals, 
including  man? 

15.  What  would  you  do  to  encourage 
birds  in  your  neighborhood? 

16.  Make  a  collection  of  common 
weeds.  Name  them  from  library  books. 

17.  Collect  and  identify  some  com¬ 
mon  insects.  Identify  20  birds. 


Have  you  stood  on  a  hill  overlooking  a  val¬ 
ley  with  a  stream  winding  through  it  or  a  lake 
gleaming  in  the  summer  sun,  and  asked  what 
made  that  valley?  Have  you  ever  wondered 
what  carved  out  the  bays ,  the  sea  cliffs,  and  the 
rocky  islands?  Have  you  gazed  down  a  sandy 
beach  or  over  a  plain  till  the  land  met  the  sky 
and  asked  why  they  are  there? 

How  old  are  the  mountains?  Why  do  New 
England  and  Canada  sparkle  with  thousands 
of  crystal  lakes  and  Maryland  and  Ohio  have 
comparatively  few?  Why  does  the  earth  shake 
and  the  mountains  belch  forth  fire?  How  do 
geologists,  the  students  of  earth  science,  know 
that  the  mighty  Andes  Mountains  are  moving 
eastward  five  feet  a  century? 

Why  must  harbors  be  dredged?  Why  does 
hard  rock  crumble  away?  Why  does  glacial 
soil  in  New  England,  where  there  are  no  gla¬ 
ciers,  send  men  to  sea  and  to  the  factories? 
Why  does  the  glacial  soil  of  the  Middle  West 
make  farmers  rejoice  over  bumper  crops? 

How  is  rock  made?  How  do  we  know  that 
ocean  waves  once  rolled  where  now  there  are 
waving  fields  of  grain,  and  sharks  chased  other 
sea  creatures  where  now  cattle  graze  on  hills? 

Hills  and  valleys,  rocks  and  soils,  lakes 
and  streams,  and  the  great  ocean  furnish 
stores  for  our  comfort  and  wealth. 

( i )  (4)  Ewing  Galloway,  N.Y.,  ( 2 )  Black  Star,  ( 3 )  Philip 
Gendreau 


Unit  Fourteen 

Earth  Science 


Chapter  Fifty -nine 

Earth’s  Changing  Face 


The  vanishing  hills.  The  an¬ 
cient  psalmist  might  sing  of  the  ever¬ 
lasting  hills  and  the  American  poet 
of  hills  ancient  as  the  sun,  but  to  the 
geologists  the  hills  are  fleeting 
things.  It  is  true  that  it  may  take  a 
million  years  for  a  hill  to  wear  away, 
but  in  the  history  of  the  earth,  “a 
thousand  years  .  .  .  are  but  as  yes¬ 
terday  when  it  is  past.”  If  you  learn 
to  look  with  a  seeing  eye,  you  may 
observe  that  the  granite  hills  dissolve 
away.  The  geologist  learns  the  past 

The  slope  is  formed  by  loose  rock 
worn  from  the  rocks  by  frost  and 
wind.  Note  also  picture  3  on  page  457 


Black  Star 


of  the  earth  by  studying  the  present. 
If  you  will  picture  the  hills  in  your 
imagination,  as  the  geologist  does,  a 
million  years  ago,  and  the  same  hills 
a  million  years  in  the  future,  you 
will  be  able  to  understand  the  history 
of  our  hills  and  valleys.  You  will  see 
mighty  mountains  as  high  as  the 
Rockies  where  the  low  hills  of  New 
York,  Philadelphia,  and  Baltimore 
now  are. 

These  flights  of  imagination  are 
based  on  such  little  acts  as  picking 
up  bits  of  rock  at  the  foot  of  a  solid 
cliff  and  crumbling  them  between  the 
fingers.  What  makes  the  cliff  and  the 
rock  crumble?  Water  seeps  into  the 
tiny  cracks  in  the  rocks  and  freezes. 
In  freezing  it  expands  and  breaks  off 
pieces  of  the  rock. 

Heating  and  cooling  help  to  break 
up  rocks.  The  heat  of  the  summer 
sun  expands  the  rocks  and  helps  to 
crack  them  just  as  heating  a  china 
plate  cracks  the  plate.  In  hot  deserts 
the  outer  shell  of  boulders  some¬ 
times  breaks  off  with  a  report  like  a 
pistol  shot.  In  more  temperate  cli¬ 
mate,  expansion  and  contraction  also 
helps  to  break  rocks  to  pieces,  but  the 
process  is  slower.  In  dry  regions 
wind-driven  sand  forms  a  natural 
sand  blast  that  grinds  away  solid 
rocks,  and  along  our  sandy  shores  it 
wears  away  stone  lighthouses  and 
other  buildings  (see  4,  page  457). 


Ewing  Galloway,  N.Y. 

Stones  are  the  tools  which  moving  water  uses  to  level  the  land 


Other  processes  of  nature  play 
their  parts  in  the  wearing  process. 
Oxygen  of  the  air  unites  with  some 
constituents  of  the  rock  and  thus  re¬ 
leases  others.  When  carbon  dioxide 
from  growing  plants  is  dissolved  in 
water,  it  forms  carbonic  acid,  and 
eats  away  limestone.  The  great  caves 
of  Kentucky,  Virginia,  and  elsewhere 
were  eaten  away  by  the  dissolving 
action  of  underground  streams  and 
dripping  water  containing  carbon 
dioxide.  Other  acid  substances  given 
off  from  the  roots  of  plants  help 
crumble  the  rocks.  Expanding  roots 
also  push  them  apart.  The  penetra¬ 
tion  of  the  soil  by  roots  lets  in  the 
rain  water  from  the  surface.  Burrow¬ 


ing  creatures,  such  as  ants  and 
ground  hogs,  help  in  the  destruction. 

Rocks  to  soil.  All  these  agencies 
are  slowly  reducing  solid  rock  hills 
to  smaller  and  smaller  bits.  Eventu¬ 
ally  all  are  reduced  to  soil.  The  fine¬ 
ness  of  the  soil  varies  with  the  length 
of  time  that  reduction  has  been  go¬ 
ing  on,  the  agencies  that  have 
worked,  and  the  resistance  of  the 
rock.  Some  soils  are  little  more  than 
broken  rock  mixed  with  finer  soils. 
Sandy  soils  are  composed  of  angular 
bits  of  rocky  material  that  can  be 
seen  under  the  microscope.  Ex¬ 
tremely  fine  particles  form  clay. 

What  made  the  valleys.  If  you 
have  taken  a  walk  beside  a  brook  in 
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A  young  river  valley.  The  valley  is  narrow  with  perpendicular  sides 


a  meadow,  perhaps  you  have  noticed 
that  the  brook  lies  in  a  diminutive 
canyon  or  little  valley  below  the  level 
of  the  meadow.  You  will  readily 
guess  that  the  brook  cuts  its  little 
canyon  into  the  meadow.  Given  high 
land,  proper  climate,  and  time  the 
little  canyon  might  become  a  rival  of 
the  Grand  Canyon  of  the  Colorado 
or  Bryce  Canyon,  Utah.  With  more 
time  the  walls  of  the  canyon  will 


crumble  away  and  a  broad,  open 
valley  will  be  made.  In  the  moister 
climates  the  widening  of  the  valley 
goes  on  more  rapidly  as  the  rain 
washes  down  the  valley  sides.  A 
broad,  open  valley  is  an  older  valley 
than  a  canyon.  In  very  old  age  the 
hills  that  formed  the  valley  walls 
have  been  eaten  away  till  the  country 
is  almost  or  quite  a  plain.  If  you  live 
in  a  hilly  country,  look  over  the  land 
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An  old  river  valley.  The  valley  is  broad  and  open 


from  a  hilltop  and  decide  the  rela¬ 
tive  ages  of  the  valleys  you  see. 

How  water  cuts  valleys.  Did 
you  ever  wonder  why  pebbles  and 
cobblestones  are  round?  Perhaps 
you  have  waded  in  a  swift  stream  and 
have  felt  the  pebbles  roll  under  your 
feet.  Every  roll  grinds  away  a  little 
bit  of  the  pebble  and  a  little  of  the 
other  stones  and  rocks  it  meets.  Peb¬ 
bles  and  rocks  are  the  stream’s  grind¬ 


stones.  Sand  is  its  sandpaper.  With 
these  tools  it  gives  the  stones  of  its 
bed  their  characteristic  shape  (see 
page  459). 

You  have  probably  seen  a  creek 
speed  up  after  a  rain.  If  the  creek 
could  roll  along  a  one-pound  cobble¬ 
stone  before  the  rain,  it  could  roll 
along  a  64-pound  boulder  after  its 
speed  has  been  doubled  by  the  rain. 
(The  carrying  power  of  a  stream 
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varies  as  the  sixth  power  of  its  ve¬ 
locity.) 

Rain  that  runs  down  the  bank  of 
a  creek  carries  mud  with  it.  That  is 
why  creek  water  is  muddy  after  a 
rain.  This  mud  is  part  of  the  hills  that 
formed  the  valley  walls.  Every  rain 
washes  some  of  the  hills  into  the 
stream  to  be  carried  away.  It  is  only 
a  question  of  time  until  the  hills  will 
all  go  down  the  stream.  The  land  is 
being  continuously  carried  away. 
The  surface  of  the  United  States  is 
being  slowly  lowered  by  rain  and 
streams  one  inch  in  1400  years  in 
Mississippi,  one  inch  in  760  years 
in  the  Sierra  Nevadas.  If  nothing  in¬ 
terfered,  the  whole  country  would 
ultimately  be  worn  down  to  a  plain. 
The  wearing  away  of  rocks  or  of  land 
is  called  erosion.  A  plain  that  is  so 
formed  is  called  a  plain  of  erosion. 

How  streams  build  land.  You 
have  probably  seen  a  fan-shaped 
spread  of  mud  at  the  foot  of  a  rain 
gully.  The  rain  running  swifty  down 
the  gully  in  the  steep  bank  or  hillside 
might  carry  its  load,  but  when  it  ran 
on  to  the  more  level  land  at  the  foot 
of  the  hill,  it  lost  speed  and,  there¬ 
fore,  was  not  able  to  carry  its  mud. 
When  a  river  flows  into  a  lake  or  sea, 
its  current  loses  speed  in  the  same 
way,  and  it  drops  its  load  of  mud  and 
sand.  It  drops  its  heaviest  materials 
when  its  speed  is  first  slackened.  As 
it  loses  more  speed,  down  goes  the 
sand.  Finally  in  the  deeper  water, 
often  far  out  from  the  mouth  where 
the  current  is  very  slow,  the  mud  is 
laid  on  the  bottom  of  the  lake  or  sea. 


The  Mississippi  carries  each  year 
7,500,000,000  cubic  feet  of  sedi¬ 
ment  to  the  sea.  This  would  make  a 
pile  of  mud  a  mile  square  and  268 
feet  high.  In  addition  it  carries 
2,850,000,000  cubic  feet  of  dis¬ 
solved  material. 

When  a  flood  spreads  the  river  out 
over  its  banks  across  the  adjoining 
land,  its  speed  over  the  flooded  land 
is  slackened.  Much  of  its  mud  is 
dropped  over  the  land.  This  builds 
up  a  plain  called  a  flood  plain.  Great 
rivers  flowing  through  level  land 
have  great  flood  plains.  You  may 
have  seen  smaller  flood  plains  along 
level  stretches  of  creeks  and  brooks. 
Flood  plains  are  rich  farming  soils, 
and  in  regions  where  the  climate  is 
not  too  severe,  they  are  densely  pop¬ 
ulated.  Every  overflow  of  the  streams 
enriches  the  land.  It  is  this  yearly 
overflow  that  has  kept  the  soils  of 
Egypt  productive  for  over  3000 
years.  The  floods,  however,  are  often 
destructive  to  life  and  property,  as 
we  have  frequently  seen  along  our 
own  Mississippi ;  those  on  the  Hoang- 
ho  have  caused  the  river  to  be  named 
China's  Sorrow.  Flood  plains  at  the 
mouths  of  many  rivers  develop 
deltas.  Look  for  little  deltas  as  you 
hike  along  streams. 

What  made  the  great  plains? 
When  a  river  lays  down  its  load  over 
the  bottom  of  a  lake,  it  fills  in  the 
hollows  of  the  lake  bottom  and  makes 
it  level.  During  the  great  ice  age, 
when  our  Great  Lakes  were  much 
larger  than  at  present,  vast  areas 
were  leveled  off  on  the  bottoms  of 


A  delta  of  silt  brought  down  from  the  distant  hills 
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these  lakes.  When  the  ice  melted,  the 
lakes  decreased  in  size  and  laid  bare 
much  of  their  former  bottoms.  Those 
ancient  lake  bottoms  are  the  plains 
along  our  Great  Lakes  where  now 
orchards,  grain  fields,  and  vineyards 
are  to  be  seen. 

Once  the  ocean  rolled  down  the 
middle  of  what  is  now  North  America 
from  the  Arctic  to  the  Gulf.  The  land 
rose  gradually  on  both  sides  from 
the  sea.  The  smooth  old  sea  bottom 
as  it  emerged  became  covered  with 
grass  and  other  vegetation,  and  now 
the  great  plain  is  in  the  interior  of 
North  America.  How  do  we  know? 
The  sand  along  our  Atlantic  coast 
from  Long  Island  to  Florida  stretches 
out  under  the  water  for  fifty  to  one 
hundred  miles.  When  clams,  oysters, 
sea  snails,  and  fishes  died  in  similar 
sands  of  the  ancient  sea,  their  shells 
and  skeletons  were  buried  with  the 
shifting  sands.  In  time  the  sand  be¬ 
came  sandstone  in  ways  we  shall 
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presently  study,  and  the  shells  be¬ 
came  fossils.  We  find  sandstone  with 
fossil  sea  animals  in  the  interior 
plains  of  the  United  States.  What 
does  this  tell  us?  Limestone  is 
formed  below  the  deeper  sea. 
Through  large  areas  of  the  interior 
country  we  find  great  stretches  of 
limestone  containing  fossils  of  ani¬ 
mals  that  inhabited  deeper  seas. 
What  does  that  tell  us? 

What  made  the  seashore.  If 
you  have  been  along  the  beaches 
where  the  waves  are  breaking,  you 
perhaps  have  seen  and  heard  the 
stones  pounding  on  the  rocks,  or  have 
felt  the  sand  dragged  over  your  bare 
feet.  The  sand  and  stones  are  ground 
finer  and  finer,  and  the  sand  is  thrown 
out  in  bars  and  then  beaches  by  the 
waves.  In  this  way  the  long  sandy 
islands  on  our  coast  from  Long 
Island  to  Florida  were  made. 

Perhaps  you  live  on,  or  have  vis¬ 
ited,  the  rough,  rocky  coast  of  New 
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An  area  along  a  coast  before  the  land  sank.  Locate  the  valley,  higher  hills, 
lower  hills,  the  distant  ocean 


The  same  area  after  the  land  had  sunk.  What  produced  the  hay?  the  small 
island?  the  point  of  land? 


England.  How  can  geologists  tell 
how  it  came  to  be  as  it  is?  Look  at 
top  figure.  Suppose  this  land  sank 
and  the  sea  came  into  the  valleys. 
You  would  find  then  a  coast  like 
the  bottom  figure.  Waves  then  would 
gnaw  away  at  the  sides  of  the  hills 
until  cliffs  were  formed  like  those 
pictured  on  page  459. 

Our  eastern  coast  is  just  such  a 
coast.  The  bays  and  harbors  are 
drowned  valleys.  The  gorges  cut  by 
the  streams  when  the  shore  was 


farther  east  can  be  traced  now  under 
the  sea  from  the  St.  Lawrence,  the 
Hudson,  the  Delaware,  and  through 
the  capes  of  the  Chesapeake.  The 
undersea  gorge  of  the  Hudson  is  125 
miles  long  and  that  of  the  St.  Law¬ 
rence  is  300. 

The  coasts  with  long  ranges  of 
mountains  and  very  few  harbors  are 
lands  where  mountain  ranges  are 
rising  parallel  with  the  coast.  Such 
coasts  stretch  from  Oregon  to  Chile. 
How  do  geologists  know  that  these 


A  rocky  and  a  sandy  shore.  How  was  the  sandy  shore  formed? 
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Old  mountains,  rounded  and  forested 

coasts  are  rising?  In  rare  instances 
they  have  seen  it  happen.  In  Alaska 
parts  of  the  seacoast  rose  nearly  50 
feet  in  one  month  of  1899.  In  1822 
and  1835  part  of  the  Chilean  coast 
rose  2  feet  and  more.  High  on  the 
mountains,  old  sea  beaches  with 
sand,  pebbles,  and  sea  shells  tell 
that  the  land  rose  in  ages  past.  The 
thick  layers  of  sandstone  and  lime¬ 
stone  above  sea  level  also  tell  that 
the  land  has  risen,  for  these  rocks 
were  formed  under  the  water. 

Young  mountains  and  old. 
Mountains  that  are  rising  rapidly, 
such  as  the  Coast  Range,  the  Rockies, 
the  Andes,  the  Alps,  and  the  Hima¬ 
layas,  are  rough  mountains.  As  soon 
as  mountains  thrust  their  tops  above 
the  sea,  rain  and  frost  and  other 
agents  attack  them.  The  higher  they 
rise,  the  fiercer  are  the  rains  and  the 
winds,  and  the  more  severe  the  frosts. 


Glaciers  form  from  the  year-long 
snows  and  grind  out  their  valleys. 
High  mountains  with  jagged,  jutting 
peaks  like  those  opposite  are  young, 
rising  mountains. 

As  the  rate  of  rise  slackens,  ero¬ 
sion,  with  its  work  of  destruction, 
gains  the  upper  hand.  The  jagged 
peaks  are  gradually  tumbled  down 
the  mountainsides  rock  by  rock;  val¬ 
leys  broaden,  and  the  mountains  are 
reduced  to  the  stage  of  those  of  New 
England  and  New  York,  and  the  Ap¬ 
palachians.  In  extreme  old  age  the 
mountains  have  been  worn  down  to 
hills  such  as  are  seen  in  our  eastern 
region  from  New  York  southward. 

How  mountains  arise.  Have 
you  ever  noticed  layers  of  rock  on 
the  sides  of  a  gorge  or  a  railroad  cut? 
Such  layers  are  called  strata  (singu¬ 
lar,  stratum).  Often  the  strata  are 
folded  or  wrinkled  (see  page  468). 

We  know  that  the  material  that 
composes  stratified  rock  was  origi¬ 
nally  laid  down  in  water  in  level 
layers.  When  we  find  the  strata 
wrinkled  and  folded,  we  know  that 
the  rocks  were  altered  after  the  ma¬ 
terial  was  laid  down  and  probably 
long  after  it  hardened  into  rock. 

Before  the  stratified  rock  was 
wrinkled,  it  covered  much  more  area 
than  afterward,  as  you  can  see  by 
spreading  a  handkerchief  on  the 
desk  and  then  wTrinkling  it  by  push¬ 
ing  the  sides  toward  each  other.  If 
we  should  reconstruct  the  folded 
strata  of  the  Appalachian  Mountains 
and  spread  them  out  flat,  they  would 
spread  over  twice  as  much  area.  The 
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Alps  would  spread  over  four  times 
as  much  area.  It  is,  therefore,  reason¬ 
able  to  suppose  that  the  land  where 
these  mountains  now  stand  was  once 
level,  and  that  later  the  stratified 
rocks  were  wrinkled  up  in  gigantic 
folds  to  form  the  mountains. 

Perhaps  the  material  below  the 
strata  shifts  its  position.  The  strata 
then  resettle  to  fit.  An  old  theory,  not 
now  satisfactory  to  scientists,  ex¬ 
plained  the  wrinkling  by  a  shrinkage 
of  the  earth.  The  interior  part  of  the 
earth  is  becoming  denser  and  more 
compact.  It  takes  less  space  and  the 
crust  wrinkles  up  to  fit. 

Splitting  and  slipping  rocks. 
As  the  folding  goes  on,  the  layers  of 
rocks  are  under  terrific  strain.  Some¬ 
times  a  layer  of  rock  breaks  across, 
and  the  broken  sides  slip  one  against 
the  other.  Such  a  break  in  the  rocks 
accompanied  by  a  movement  of  the 
broken  sides  is  called  a  fault  (see 
page  468). 

When  the  rocks  slip  in  the  fault, 
the  earth  trembles.  This  is  an  earth¬ 
quake.  Geologists  have  mapped  the 
great  faults  of  earthquake  regions, 
and  have  even  measured  the  amount 
of  slipping  in  various  earthquakes. 
In  the  Japanese  earthquake  of  Sep¬ 
tember,  1923,  there  was  an  up-and- 
down  slip  of  four  feet.  In  the  Califor¬ 
nia  earthquake  of  1906  there  was  a 
horizontal  movement  of  twenty  feet. 
Through  the  slipping  of  faults,  the 
mountains  of  California  are  moving 
one  foot  northward  in  five  years,  and 
the  Andes  one  foot  eastward  in 
twenty  years. 


Young  mountains,  with  sharp,  rocky 
peaks 


Why  rocks  melt.  The  great  pres¬ 
sure  in  the  interior  of  the  earth  pre¬ 
vents  the  heat  from  melting  the  rocks. 
When  the  pressure  is  relieved 
through  folding  and  faulting,  the 
rocks  melt.  The  molten  rock  oozes  in 
and  under  the  folds.  There  it  hard¬ 
ens  again.  Ages  later,  when  the 
folded  rocks  above  are  eroded  away, 
these  great  central  areas  are  exposed 
as  masses  of  granite.  This  process  ac¬ 
counts  for  the  granite  peaks  of  the 
Rockies,  and  the  older,  more  rounded 
granite  mountains  in  the  East. 

Lava  flows.  Sometimes  the  mol¬ 
ten  rock  flows  out  through  the  great 
cracks  or  fissures  in  the  rocks  and 
spreads  out  over  the  land  surface. 
In  this  way  were  formed  the  lava  cov¬ 
erings  of  great  parts  of  the  states  of 
Montana,  Idaho,  and  Washington. 

Sometimes  the  molten  rock  flows 
out  through  more  definite  holes. 
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(I)  Philip  Gendreau,  ( 2 )  ( 3 )  U.S.  Geologic  Survey,  (4)  Frederic  Lewis 


These  rocks  show  movements  of  the  earth:  1,  undisturbed  stratified  rock; 
2,  folded  layers  of  rock;  3  and  4,  rock  faults 


Such  flows  build  up  volcanoes  like 
those  of  Hawaii.  Water  seeping  down 
through  the  ground  until  it  meets  hot 
rock  becomes  steam.  The  expansion 
of  the  steam  and  hot  gases  may  be 
held  in  check  by  the  rocks  for  long 
periods  of  time.  Finally  the  force  of 
steam  and  gases  breaks  away,  tears 


the  rocks  to  pieces,  and  blows  the 
molten  lava  into  volcanic  ash  that 
rains  down  on  the  surrounding  coun¬ 
try.  Such  are  the  explosive  eruptions 
like  that  of  Vesuvius  in  79  A.D.  that 
buried  the  cities  of  Pompeii  and  Her¬ 
culaneum,  and  of  Mont  Pelee  in 
1902  that  destroyed  30,000  people 
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Paricutfn  (1)  at  two  months,  (2)  at 
three  months,  (3)  at  six  months,  (4) 
its  lava  advancing  into  a  town,  and 
(5)  its  volcanic  ash  covering  a  village 

in  a  few  minutes  on  the  island  of 
Martinique  in  the  West  Indies.  Such 
explosions  shoot  fine  dust  into  the 
upper  air.  The  terrific  explosion  of 
Krakatoa  in  the  sea  west  of  Java  in 
1883  sent  dust  around  the  world. 

In  1943  the  volcano  Paricutfn 
began  in  a  cornfield  in  Mexico  and 
covered  140  square  miles  of  farm 
and  forest  with  ash,  enabling  scien¬ 
tists  to  study  its  early  stages. 


Ewing  Galloway,  N.Y. 


Slow-moving  mountain  glaciers,  flowing  a  few  feet  a  day,  wear  away  land 


How  glaciers  are  made.  Did 

you  ever  make  a  very  hard  snow¬ 
ball?  You  made  it  by  repeated  press¬ 
ing  of  snow  in  your  bare  hands.  The 
heat  of  your  bare  hands  and  the  pres¬ 
sure  melted  the  ice  a  little.  The  little 
water  formed  was  immediately 
frozen  again  by  the  surrounding 
snow.  Roughly  that  process  might  be 
compared  to  the  making  of  a  glacier. 

When  snow  falls  in  the  high  moun¬ 
tains  where  the  melting  and  evapora¬ 
tion  are  very  slow  compared  with 
the  rate  of  snowfall,  the  snow  accu¬ 
mulates  in  a  great  snow  field.  The 
pressure  and  possibly  the  slight  melt¬ 
ing  by  the  sun  gradually  convert  it 
into  ice.  Under  the  great  pressure  of 
the  accumulated  mass  of  snow  and 


ice,  it  is  forced  slowly  down  the  val¬ 
leys.  Such  is  a  glacier. 

What  glaciers  do  to  land.  Ice 
is  heavy.  A  layer  of  ice  a  thousand 
feet  deep,  as  in  the  Muir  glacier, 
Alaska,  has  great  power  to  wear 
away  land.  Everything  loose  on  the 
rocks  is  carried  away.  Rocks  frozen 
into  the  bottom  of  the  ice  grind  away 
the  solid  rocks  as  they  are  carried 
along.  Valleys  are  gouged  out.  Sharp 
crags  are  smoothed  down.  Hills  are 
rounded  off. 

There  is  no  mistaking  a  glacial 
country.  It  has  rounded  hills, 
rounded  valleys,  scratches  in  the  rock 
made  by  the  embedded  rocks  carried 
in  the  ice  (Fig.  1).  All  the  material 
carried  by  the  glacier  is  left  when 
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A  moving  glacier  (1)  scratches  rocks,  (2)  leaves  boulders  behind,  (3)  piles 
up  boulders  and  gravel,  and  (4)  creates  lakes 


the  ice  melts.  Boulders,  gravel,  sand, 
and  clay  are  piled  in  mixed  heaps, 
not  sorted  out  as  water  sorts  it  (Figs. 
2  and  3).  At  the  end  of  the  glaciers 
are  left  long  ridges  of  mixed  mate¬ 
rials.  These  ridges  are  called  ter¬ 
minal  moraines.  The  debris  left  by 
the  glacier  often  dams  up  streams, 
producing  lakes  (Fig.  4). 

All  these  marks  of  a  great  glacier 
are  found  in  the  northeastern  United 
States  from  northern  Pennsylvania 
northward,  and  from  Missouri  to 
Montana,  and  all  over  Canada.  Most 
of  Europe  also  shows  the  same  evi¬ 
dence  of  glaciation.  These  markings 
tell  the  geologist  that  a  great  sheet 
of  ice,  several  hundred  to  several 
thousand  feet  thick,  once  covered 


these  lands.  This  great  glacier  cov¬ 
ered  the  land  for  many  thousands  of 
years,  and  the  last  of  it  disappeared 
from  the  mainland  of  Europe  about 
15,000  years  ago.  The  land  during 
the  ice  age  appeared  as  the  interior 
of  Greenland  appears  today — ice  as 
far  as  the  eye  can  see,  with  only  here 
and  there  at  long  intervals  a  jut  of 
rock  through  the  white  coating  of  ice. 

How  man  fits  into  nature. 
Ever  since  the  Old  Stone  Age  man 
has  adjusted  himself  to  nature’s 
work,  utilizing  the  land  and  nature’s 
products  as  best  he  could.  Nature 
furnished  stone-age  man  with  a  ball 
of  rock  which  he  chipped  roughly 
against  other  stones  and  fitted  with 
a  rough  handle.  It  furnished  him 
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Black  Star 


with  a  young  tree  which  he  broke  and 
hacked  into  a  stout  staff  and  perhaps 
pointed  and  hardened  in  the  fire.  For 
food  it  furnished  roots  and  shellfish, 
cave  bear  and  mammoth.  The  skins 
he  threw  over  his  shoulder  in  his  bat¬ 
tle  with  cold  and  rain.  His  drink  he 
found  in  a  stream  and  his  shelter  in 
a  cave. 

As  he  learned  to  plant  and  reap, 
man  sought  the  open  places,  the  flood 
plains  where  yearly  overflow  kept 
vegetation  under  control,  and  the 
grassy  hills  where  forests  were  un¬ 
able  to  live.  He  learned  to  make 
boats,  and  voyaged  along  the  streams 
and  close  to  the  shores  of  lakes  and 
seas.  Then  he  made  a  great  discovery 
that  gave  him  implements  with  which 
to  cut  down  forests  so  that  he  could 
use  the  soil  in  which  they  grew,  to 
dig  effectively  in  the  earth  for  its 
treasure,  to  build  far  better  than 
ever  before.  He  discovered  that  when 
certain  rocks  were  mixed  and  heated 
in  the  fire,  out  would  come  a  new 
substance,  metal.  Iron  has  been  the 


most  valuable  discovery  in  man’s 
struggle  to  control  his  environment. 

Even  today,  however,  when  man 
has  changed  the  faces  of  continents, 
he  still  fits  himself  into  the  work  of 
nature.  He  uses  plains,  valleys,  and 
low  hills  as  farm  lands.  He  pastures 
cattle  and  sheep  on  lands  where 
there  is  not  rain  enough  for  crops. 
He  uses  drowned  valleys  as  harbors. 
He  avoids  shores  bordered  by  rising 
walls  of  mountains  as  unfit  for  towns. 
He  dredges  out  the  silt  that  rivers 
bring  into  the  harbors,  or  he  builds 
jetties  to  increase  the  speed  of  the 
current,  and  thus  forces  the  river  to 
do  its  own  dredging.  His  roads  and 
railroads  follow  the  passageways 
dug  by  streams  through  the  hills. 
Many  lakes  and  streams  have  been 
serving  as  routes  of  travel  and 
sources  of  food  since  before  the  days 
of  written  history.  Others  are  sources 
of  water  supply  for  distant  cities 
(see  page  57).  Sandy  beaches  fur¬ 
nish  recreation.  Mountains  unfit  for 
agriculture  furnish  valuable  timber, 
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minerals,  and  are  favorite  places  of 
recreation. 

Even  volcanoes  and  glaciers  are 
serving  man.  Volcanic  soils  are 
often  very  rich.  Glaciers  have  been 
powerful  agents  in  reducing  rocks  to 
soil.  These  great  grinding  mills  of 
nature  ground  the  rock  to  a  line  flour. 
Glacial  streams  carried  it  out  to  lake 
bottoms  and  to  outwash  plains  where 
the  water  rushed  out  from  the  end  of 
the  glaciers.  Often  this  glacial-pre¬ 
pared  soil  has  been  picked  up  again 
by  the  winds  and  carried  long  jour¬ 
neys  to  its  present  resting  place 
where  man  farms  it.  A  peculiar,  rich 
soil  called  loess  (pronounced  lo'es) 
is  composed  of  material  brought  by 
the  winds  from  glacial  deposits  and 
desert  areas  to  more  favorable  re¬ 
gions.  Great  areas  of  loess  are  found 
along  the  middle  course  of  the  Mis¬ 
sissippi  and  the  Missouri,  along  the 


Rhine,  and  in  northern  China.  Loess, 
like  sand,  is  a  loose  soil  and  does  not 
hold  water  well,  but  where  there  is 
rain  enough,  it  is  a  good  soil. 

Glaciers  have  not  always  benefited 
the  farmer,  but  have  served  other 
men.  Much  of  New  England  is  cov¬ 
ered  with  the  coarse  mixture  of 
boulders  and  gravel  dropped  by  the 
great  ice  sheet.  This  land  has  kept 
many  a  New  England  farmer  poor. 
The  streams  dammed  by  the  glacial 
debris,  however,  furnished  abund¬ 
ant  water  power  that  made  New  Eng¬ 
land  the  first  great  manufacturing 
region  of  the  United  States.  The  ex¬ 
cellent  harbors  and  the  shallow 
waters  offshore  where  fish  feed  and 
breed  gave  New  England  a  race  of 
mariners.  Her  sunken  coast  made  it 
a  commercial  center  for  the  shipping 
of  manufactured  goods  and  the  re¬ 
ceipt  of  foreign  products. 


Field  Study 


Crumbling  rocks.  Find  an  old  quarry, 
a  cliff,  or  a  railroad  cut.  Note  the  size 
of  the  fragments  that  have  fallen  to  the 
base  of  the  cliff.  Look  on  the  cliff  or  ex¬ 


posed  rock  surface  for  cracks  that  water 
might  penetrate.  Note  plants  growing  on 
the  rocks — mosses  and  lichens,  grasses, 
weeds,  and  bushes.  Do  plants  help  or 
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hinder  the  crumbling  process?  How? 
Take  a  picture  of  the  cliff  or  make  a 
sketch  or  diagram.  On  the  face  of  the 
cliff  or  of  the  railroad  cut,  note  the  bed 
rock  below,  the  looser  rock,  the  sub¬ 
soil,  and  the  topsoil. 

Work  of  running  water.  Look  for 
brooks  and  creeks  that  show  the  result 
of  weathering  action:  steep  banks,  worn 
banks,  pebbles  and  rounded  rocks  that 
are  the  tools  of  the  stream,  “potholes” 
and  pools  cut  by  the  stream.  Look  for 
gullies  cut  by  rains  in  open  fields  and 
banks.  Along  the  sea  or  lake  shore  look 
for  cliffs  made  by  the  waves,  level 
“benches”  under  the  water,  rounded 
stones  worn  by  the  water. 

If  you  are  in  a  glaciated  country, 
look  for  typical  U-shaped  glacial  val¬ 
leys,  for  boulders  and  smaller  stones 
unlike  the  rock  of  the  country,  round¬ 
about,  for  glacial  scratches  on  smoothed 
rocks. 

Valleys  and  hills.  Study  the  pictures 
illustrating  young,  mature,  and  old  hills 
and  valleys  and  try  to  find  them  on  your 
hike.  Take  your  camera  or  sketchbook 
along.  Often  you  can  find  them  in  min¬ 
iature  along  the  brooks. 

Visit  a  creek  in  fair  weather  and  after 
a  rain.  Note  the  current  and  the  cutting 
at  the  two  different  times. 


Deposition  by  water.  Look  for  little 
deltas  where  brooks  enter  ponds  and 
slower  streams.  Look  for  flood  plains 
along  rivers,  creeks,  and  brooks.  Look 
for  alluvial  fans  at  the  foot  of  banks  and 
sloping  fields.  Examine  the  deposits  to 
see  the  position  of  larger  stones,  pebbles, 
and  mud.  Look  for  places  where  streams 
have  filled  up  their  channels  and  cut 
others.  Can  you  determine  why  the  depo¬ 
sition  took  place?  Try  the  experiment  of 
building  a  little  jetty  in  a  brook  to  in¬ 
crease  the  speed. 

Rock  strata.  Look  for  rock  layers  ex¬ 
posed  in  a  gorge.  Are  the  rocks  folded, 
tilted,  or  horizontal?  Can  you  account 
for  the  condition?  Look  for  faults  in  the 
layers  of  rock  where  one  side  has  slip¬ 
ped  up  or  to  right  or  left. 

How  man  has  used  land  surfaces. 
Note  the  kind  of  land  that  is  farmed.  Is 
it  on  hillsides,  valley  floors,  or  flood 
plains?  What  use  is  made  of  steep  hill¬ 
sides?  of  rocky  hills?  Do  the  railroads 
follow  any  natural  feature?  do  the 
roads?  Where  has  there  been  dredging? 
Why  was  it  necessary?  Why  were  there 
deposits  at  that  point?  Examine  contour 
maps  and  look  down  on  harbors  from 
hills  and  determine  why  harbors  are 
there.  Where  are  cities  and  towns  situ¬ 
ated?  Why? 


Field  and  Laboratory  Study 


Question:  What  is  meant  by  the 
weathering  of  rocks? 

Materials:  The  rocks  to  be  found  in 
any  field;  hammer  and  knife. 

Directions:  Go  to  any  field  or  lot 
where  you  can  find  a  number  of  rocks 
exposed.  Select  a  good-sized  rock.  Ex¬ 
amine  the  outside.  Scrape  it  with  your 
knife  to  determine  how  hard  it  is.  Break 
off  a  piece  and  repeat  your  observations 
on  the  inside  rock.  What  is  the  differ¬ 
ence  between  the  outside  and  inside  rock 
as  to  color  and  hardness? 

Repeat  your  observations  on  several 
rocks,  choosing  different  kinds  as  far  as 


possible.  What,  in  general,  is  the  differ¬ 
ence  between  the  inside  and  outside? 
What  do  you  think  is  the  cause  of  this 
difference?  Examine  the  soil  of  the 
field.  Can  you  find  any  evidence  that  the 
soil  is  broken  rock  (weathered  rock)  ? 
How  do  you  account  for  the  fact  that 
while  freshly  broken  rock  has  sharp 
edges,  the  grains  in  the  soil  are  rounded? 

Conclusion:  Answer  the  question. 

Practical  application:  Why  is  the 
weathering  of  rock  of  importance  to 
you?  You  will  find  it  interesting  to 
make  a  collection  of  the  various  rocks 
found  in  your  neighborhood. 
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Experiment  154 

Question:  How  does  the  action  of  wa¬ 
ter  affect  rocks? 

Materials:  A  teaspoonful  each  of 
ocean-beach  sand  and  of  inland  sand 
from  a  sand  bank;  silt  from  a  stream 
deposit;  hand  magnifier;  cobblestones 
or  gravel;  stones  with  ragged  surfaces. 

Directions:  (a)  Dry  the  silt  until  it 
is  like  dust. 

(6)  Spread  your  samples  of  sea 
sand,  inland  sand,  and  dried  silt  each 
on  a  piece  of  white  paper  about  6  inches 
square.  Spread  them  thin,  so  that  indi¬ 
vidual  grains  may  be  examined  with  the 
hand  magnifier. 

(c)  Examine  through  the  magnifier. 
Which  samples  have  rounded,  smooth 
surfaces?  Which  have  sharp,  jagged  sur¬ 
faces?  Which  of  the  samples  are  you 
sure  have  been  acted  upon  by  water? 
Which  sample  has  not  been  exposed 
long  to  water  action  ? 

(d)  Compare  the  surface  of  a  cobble¬ 
stone  or  gravel  stone  with  that  a  jag¬ 
ged  stone.  Which  of  these  stones  or 
rocks  has  been  acted  upon  a  long  time 
by  water?  How  do  you  know?  If  you 
should  walk  in  a  field  covered  with  cob¬ 
bles  what  conclusion  should  you  draw 
concerning  the  probability  that  this  land 
had  at  some  former  time  been  under 
water  for  a  long  period? 

Conclusion:  Answer  the  question. 

Practical  application:  By  studying  the 
rocks  on  the  surface  of  the  earth,  we 
can  get  an  idea  of  what  the  conditions 
there  were  in  past  ages. 

Experiment  155 

Question:  How  does  water  affect 
rocks  when  it  freezes  in  cracks? 

Materials:  Small  narrow-necked  bot¬ 
tle;  freezing  mixture  of  salt  and  ice; 
water  and  bucket. 

Directions :  (a)  Break  a  lump  of  ice 
into  small  pieces.  Mix  it  with  one  third 
its  volume  of  salt. 


( b )  Fill  the  small  narrow-necked 
bottle  with  water,  and  cork  tightly.  Wire 
the  cork  in  so  that  it  is  held  firmly. 
There  must  be  no  air  in  the  bottle.  To 
prevent  this,  put  a  wire  in  the  neck  of 
the  bottle  before  inserting  the  cork.  This 
allows  the  air  to  escape  when  the  cork 
is  put  in  place.  Then  pull  out  the  wire. 

(c)  Put  an  inch  of  the  ice  and  salt 
mixture  in  the  bottom  of  the  bucket; 
next  put  in  the  bottle,  and  then  pack  the 
salt  and  ice  on  all  sides  of  the  bottle. 
Allow  the  whole  to  stand  until  the  water 
inside  the  bottle  is  frozen.  This  will  re¬ 
quire  about  twenty  minutes.  The  exact 
time  cannot  be  stated,  as  it  will  depend 
upon  the  size  of  the  bottles  and  the 
amount  of  salt  and  ice  used. 

(d)  Remove  the  bottle  and  examine 
it.  How  do  you  account  for  the  fact  that 
it  is  cracked? 

Conclusion:  Answer  the  question. 

Practical  application:  Why  are  water 
pipes  buried?  Why  are  autoists  so  care¬ 
ful  to  prevent  the  water  in  their  radi¬ 
ators  from  freezing?  What  happens 
when  water  freezes  in  the  crevices  of 
rocks? 

Experiment  156  (Optional) 

Question:  How  can  you  show  the  ef¬ 
fects  of  heat  and  cold  in  erosion.  The 
splitting  of  rocks  in  the  desert  may  be 
imitated  by  heating  a  heavy  glass  bottle 
in  a  gas  flame.  Try  also  heating  a  glass 
tube  and  cooling  it  suddenly  by  plung¬ 
ing  it  into  cold  water. 

Experiment  157  (Optional) 

Question:  How  are  rock  particles  kept 
in  suspension  in  water?  How  does  water 
transport  soil  and  rocks?  What  causes 
deposits  of  suspended  materials? 

Materials:  Large  pitcher  or  pail;  wa¬ 
ter;  a  handful  of  fine  dirt;  large  oblong 
dripping  pan  or  long  tin  pan  with  a 
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quarter-inch  hole  in  one  end;  two  or 
three  stones  or  pieces  of  lead  and  some 
grass  or  sod  to  form  obstructions;  a 
piece  of  wood  1^  inches  thick;  a  stick 
to  stir  with. 

Directions:  (a)  Pour  water  into  the 
pitcher  or  pail  until  it  is  about  two- 
thirds  full.  Place  the  dirt  in  this  water 
and  stir  until  the  dirt  is  evenly  dis¬ 
tributed  throughout  the  water.  Describe 
the  appearance  of  the  water  after  the 
soil  has  been  stirred  into  it.  What  hap¬ 
pens  if  you  let  the  water  come  to  rest? 

What  keeps  the  soil  suspended  in  the 
water? 

(6)  Using  the  LJ-inch  piece  of 
wood  to  block  up  one  end,  place  the 
large  pan  with  the  hole  in  one  end  so 
that  it  is  inclined,  the  hole  in  the  lower 
end  resting  over  the  sink. 

(c)  Place  the  plug  in  the  sink  drain. 

( d )  Place  some  square-edged  stones 
or  pieces  of  lead  in  the  bottom  of  the 
dripping  pan.  You  have  made  an  imita¬ 
tion  of  a  river  bed. 

(e)  Make  sure  that  the  dirt  is  in  sus¬ 
pension,  and  while  stirring  it,  pour  the 
muddy  water  gently  and  slowly  into  the 
higher  end  of  the  pan,  allowing  it  to 
run  down  the  incline  over  the  obstruc¬ 
tions  and  out  of  the  hole  in  the  lower 
end  into  the  sink.  Keep  stirring  the  wa- 
water  in  the  pitcher  or  pail  while  you  are 
pouring  it  and  pour  slowly. 

(/)  Examine  the  obstructions  in  the 
bottom  of  the  pan.  Where  did  the  fine 
soil  on  their  upper  sides  come  from? 

(g)  Examine  the  bottom  of  the  sink 
after  the  water  has  come  to  rest.  What 
do  you  find? 

Conclusion:  Answer  the  question. 

Diagram:  Make  an  outline  sketch  of 
the  apparatus. 


Practical  applications:  Rapidly  flow¬ 
ing  streams  carry  much  soil  and  rock  in 
suspension.  This  rock  is  deposited  wher¬ 
ever  the  current  of  the  stream  is  im¬ 
peded.  Lands  which  are  covered  with 
vegetation  tend  to  slow  up  the  force  of 
streams  and  to  allow  a  comparatively 
small  amount  of  soil  to  be  carried  away. 
The  great  delta  of  the  Mississippi  River 
is  an  example  of  how  a  river  deposits 
its  suspended  particles  when  the  current 
is  slowed. 

Experiment  158 

Question:  How  does  water  sort  dirt 
or  soil  into  layers? 

Materials:  Soil  containing  fine  gravel, 
sand,  and  clay;  water;  1-quart  fruit  jar. 

Directions :  Put  two  inches  of  soil  into 
the  fruit  jar,  fill  it  with  water,  and  put 
on  the  cover.  Shake  well.  Allow  the  jar 
to  stand  quietly  while  the  contents  set¬ 
tle.  Which  part  of  the  dirt  settles  first? 
After  the  jar  has  stood  quietly  for  a 
few  minutes,  look  at  the  material  that 
has  settled  and  at  the  water.  What  was 
the  second  part  of  the  soil  to  settle? 
What  remains  suspended  in  the  water? 
Examine  the  jar  after  it  has  stood  long 
enough  for  the  water  to  become  clear. 
What  has  become  of  the  fine  material 
(clay)  that  was  suspended  in  the  water? 
Is  the  material  in  the  bottoms  of  the  jar 
mixed  together  or  is  it  in  layers? 

Diagram:  Show  how  the  water  has 
sorted  the  soil  into  layers. 

Conclusion:  Answer  the  question. 

Practical  application:  This  is  the 
process  by  means  of  which  dirt  is  sorted 
into  the  layers  that  form  rock.  If  you 
can  find  a  hillside  one  side  of  which  has 
been  cut  away,  notice  the  layers  in 
which  the  dirt  exists. 


Chapter  Sixty 

What  the  Solid  Earth  Is  Made  Of 


Rock,  water,  air,  and  living  things 
make  up  the  earth.  Some  of  these  we 
have  been  studying,  their  action  and 
interaction.  In  the  present  chapter 
we  shall  continue  our  study  of  the 
solid  rock  substance  of  earth.  We 
shall  learn  what  the  rock  is  like  some 
thousands  of  miles  underground  and 
some  two  or  three  miles  under  the 
sea.  We  shall  find  out  how  the  scien¬ 
tist  studies  the  rock  buried  deep 
under  miles  of  other  rock  and  sea 
water.  We  shall  learn  what  rocks  are 
made  of,  and  how  they  are  made  in 
nature’s  laboratory.  Finally,  there 
will  be  a  brief  word  on  how  man,  an 
intelligent  part  of  the  earth,  has 
sought  to  use  other  parts  to  advan¬ 
tage.  Man  first  used  rock  by  seeking 
shelter  in  a  cave  or  by  seizing  a 
crude  chunk  of  flint  as  a  weapon  or 
a  tool.  Science  now  takes  from  the 
same  bare  rocks,  amid  which  the  cave 
man  lived,  the  materials  for  a  great 
airship  and  an  ocean  liner  that  could 
carry  around  the  globe  the  popula¬ 
tion  of  many  an  ancient  city. 

Inside  the  earth.  Our  deepest 
mines  penetrate  the  earth  for  about 
a  mile  and  a  half.  That  is  a  small 
fraction  of  the  4000  miles  to  the  cen¬ 
ter  of  the  earth.  The  rocks  of  the 
mines  are  not  very  different  from  the 
rocks  that  we  see  on  the  surface. 
Since  we  cannot  learn  what  the  deep 
interior  of  the  earth  is  like  from  di¬ 


rect  observation,  we  arrive  at  our 
knowledge  indirectly.  Let  us  see  what 
the  scientist  has  actually  observed 
and  what  are  his  conclusions  about 
the  earth’s  interior. 

As  we  go  down  into  the  earth,  the 
temperature  increases  about  one  de¬ 
gree  Fahrenheit  for  each  fifty-five 
feet  of  descent.  At  this  rate  the  tem¬ 
perature  would  be  sufficient  to  melt 
every  known  kind  of  rock  at  only  a 
small  fraction  of  the  distance  to  the 
center  of  the  earth.  But  the  rock  prob¬ 
ably  does  not  melt  although  its  tem¬ 
perature  is  over  5000°  F. 

Rock  is  heavy.  The  pressure  of  a 
mile  of  overlying  rock  can  be  cal¬ 
culated  but  hardly  imagined.  The 
deeper  down  the  greater  the  pres¬ 
sure.  This  enormous  pressure  pre¬ 
vents  the  heated  rocks  from  melting. 
The  interior  of  the  earth  is  probably 
more  rigid  than  steel.  The  rock,  how¬ 
ever,  is  plastic  (capable  of  being 
molded)  under  the  pressure  in  which 
it  lies. 

The  denser,  heavier  materials  of 
the  earth’s  substance  are  pulled 
by  gravity  down  toward  the  center 
of  the  earth.  The  plastic  condition  of 
the  hot  rocks  would  allow  the  contin¬ 
uous  sinking  of  heavier  material. 
The  deeper  part  is  probably  largely 
iron  and  iron  mixed  with  stone.  Out¬ 
side  of  the  iron  parts  are  the  flowing 


or  plastic  rocks.  Finally  we  come  to 
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The  speed  at  which -earthquake  waves 
travel  around  the  earth  and  through 
it  tell  that  the  interior  is  solid  and 
heavy 

rocks  of  the  outer  crust,  the  rocks 
that  we  see  about  us  on  the  earth’s 
surface.  This  crust  is  a  very  thin 
shell  about  the  interior,  proportion¬ 
ally  thinner  than  the  shell  of  an  egg. 

Evidence  from  several  sources 
leads  to  the  view  that  the  deep  in¬ 
terior  of  the  earth  is  very  solid.  One 
of  the  most  convincing  observations 
is  the  speed  of  travel  of  earthquake 
waves.  Earthquake  waves  from 
Japan  are  felt  by  seismographs 
around  the  world.  They  have  been 
timed  in  their  travel  from  Japan  to 
England.  Their  speed  is  that  of 
waves  traveling  through  a  solid  body, 
not  through  a  liquid. 

Do  continents  float?  Why  have 
the  continents  risen  above  the  level 
of  the  sea  bottom?  A  recent  theory  is 
based  on  the  different  density  of  the 
rocks  of  the  land  and  of  the  sea  bot¬ 
tom.  We  cannot  see  rocks  under  the 
depths  of  the  sea,  but  their  pull  of 
gravity  has  been  measured.  It  shows 


that  the  rocks  under  the  sea  are  heav¬ 
ier  than  those  of  the  land.  The  lavas 
also  from  volcanoes  of  the  ocean  are 
denser  than  those  from  land  vol¬ 
canoes.  All  the  rocks  of  the  crust, 
under  the  sea  and  on  the  land, 
lie  upon  the  plastic  heated  rock 
below.  The  heavier  rocks  of  the  sea 
bottom  have  sunk  deeper  than  the 
lighter  rocks  of  the  land.  The  conti¬ 
nents  have  been  floated  up  on  the 
denser  rock.  A  new  mass  of  land  is 
rising  through  the  middle  of  the 
Atlantic  Ocean  almost  from  Arctic 
to  Antarctic.  Many  earthquakes 
originate  there.  This  rise  of  land, 
perhaps  a  new  continent,  does  not 
seem  to  fit  into  the  theory  that  the 
rocks  below  the  ocean  are  heavier. 
Perhaps  soon,  when  new  facts  are 
learned,  a  new  theory  will  arise.  So 
it  is  in  science:  theories,  ideas  must 
fit  the  facts.  Never  are  facts  made  to 
fit  new  theories. 

Fire  rocks  and  water  rocks. 

Even  the  rock  of  the  continents  has 
been  at  some  time  heated  and  plastic. 
Some  of  it  has  come  to  the  surface  as 
fluid  lava.  More  of  it  has  cooled  be¬ 
low  the  surface.  Once  on  the  surface, 
as  we  have  seen,  rock  eventually 
crumbles  away  to  form  soil.  This 
soil  again  may  collect  in  the  beds  of 
lakes  and  oceans  and  become  rock, 
but  it  is  a  very  different  kind  of  rock 
from  that  which  was  formed  by  cool¬ 
ing  from  the  molten  state. 

Rocks  from  earth’s  melting 
pot.  Rocks  that  have  been  molten 
and  have  hardened  are  called  igne¬ 
ous  rocks  (Latin  ignis ,  fire).  The 
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( 3 )  Black  Star 

Representative  specimens  of  the  three 
classes  of  rocks:  1,  basalt  (igneous)  ; 
2,  sandstone  (sedimentary)  ;  3,  slate 
(metamorphic) 


lavas  from  volcanoes  and  fissures  are 
examples.  Sometimes  the  lava  cools 
very  fast  and  produces  volcanic 
glass  or  obsidian,  once  prized  by  the 
Indians  for  the  making  of  sharp  ar¬ 
row  heads.  Often  the  molten  rocks 
have  cooled  below  a  surface  still  cov¬ 
ered  by  overlying  rocks.  They  then 
cool  very  slowly  and  their  various 
minerals  form  crystals.  Such  a  crys¬ 
talline  rock  is  granite.  It  is  a  very 
hard  rock  that  stands  up  as  mountain 
peaks  when  other  rocks  have  been 


eroded  away.  Because  of  its  resist¬ 
ance  to  the  weather,  it  is  a  very  val¬ 
uable  building  stone.  Basalt  is  a 
darker  colored,  fine-grained  igneous 
rock.  Pumice  is  formed  by  explosive 
volcanoes  that  blow  the  molten  lava 
full  of  bubbles  of  gas.  Pumice  is 
often  found  floating  on  the  surface 
of  the  sea  after  violent  eruptions. 

What  rocks  are  made  of.  If 
you  should  examine  a  piece  of  gran¬ 
ite,  you  would  readily  see  that  it  is 
made  of  several  different  constitu- 
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ents,  or  minerals.  One  of  these  is  a 
glistening  white  mineral  that  is  very 
hard.  You  cannot  scratch  it  with  a 
knife  point.  This  is  quartz.  A  duller 
white  or  flesh-colored  mineral  in  the 
granite  is  feldspar.  It  often  is  glis¬ 
tening,  but  can  be  told  from  the 
quartz  by  its  flat  faces  and  duller 
color.  A  third  mineral  in  the  granite 
you  can  recognize  by  its  thin  sheets 
and  black  color.  This  is  mica .  When 
granite  weathers  away,  the  mica  and 
quartz  make  a  soil  that  often  glistens 
as  with  tiny  bits  of  glass.  In  some 
rocks,  sheets  of  mica  can  be  dug  out 
with  a  knife.  Though  granite  is  com¬ 
posed  chiefly  of  three  minerals, 
some  rocks  are  formed  of  only  one 
mineral,  as  sandstone  or  quartz. 

Rocks  from  water.  The  ma¬ 
terial  which  drops  to  the  bottom  of 
streams,  lakes,  and  oceans  is  sedi¬ 
ment.  As  it  settles,  it  is  pressed  to¬ 
gether  into  layers  or  strata.  Since  the 
sediment  gathers  and  the  water  con¬ 
tinues  to  deposit  additional  soil  on 
the  layers  already  there,  the  fine  ma¬ 
terials  are  pressed  together  firmly  by 
their  own  weight  and  that  of  the 
water  above  them.  The  grains  of  sand 
are  often  cemented  together  by  com¬ 
pounds  of  lime,  iron,  and  other  sub¬ 
stances.  Pressure  and  cementing 
make  solid  rock.  Rocks  formed  in 


this  way  are  sedimentary  rocks. 

About  four  fifths  of  the  land  sur¬ 
face  of  the  earth  is  composed  of  sedi¬ 
mentary  rock.  It  covers  such  a  great 
part  of  the  earth  because  water, 
which  deposited  it,  has  always  been 
working  in  most  parts  of  the  earth  in 
the  form  of  springs,  brooks,  rivers, 
seas,  or  oceans.  Sedimentary  rock  is 
still  being  formed,  as  it  has  been 
through  the  past  centuries. 

Sandstone.  You  have  noticed 
how  particles  of  sand  cling  together 
when  they  are  wet.  If  sand  is  pressed 
together  for  centuries  by  water  and 
by  an  enormous  load  of  rock  and 
soil,  while  cement-laden  water 
trickles  through  it,  strata  of  sand¬ 
stone  are  formed.  Sometimes  gravel 
and  pebbly  sand  and  mud  have  thus 
become  consolidated  into  rock.  Such 
rock  is  called  pudding  stone  or  con¬ 
glomerate. 

Shale.  Have  you  ever  made 
figures  and  small  houses  of  modeling 
clay?  It  is  so  pliable  that  it  can  be 
molded  into  any  shape  you  wish. 
Clay  is  composed  of  the  finest  soil 
particles.  You  may  find  it  at  the  bot¬ 
tom  of  brooks  and  in  other  places  in 
thin,  sticky  layers. 

When  deposits  of  clay  are  pressed 
upon  for  centuries  by  millions  of 
tons  of  rock,  or  when  water  contain- 
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ing  cement  seeps  through,  shale  is 
formed.  It  is  found  in  brittle  layers 
of  flat,  smooth  rock,  and  may  some¬ 
times  be  found  in  the  walls  and  roofs 
of  mines  and  along  the  sides  of  ra¬ 
vines. 

Limestone.  In  sedimentary  rocks 
which  were  formed  at  the  bottom  of 
bodies  of  water,  we  often  find  other 
materials  in  addition  to  soil.  Water 
supports  millions  of  large  and  small 
animals.  Some  of  them,  such  as 
snails,  clams,  and  oysters,  are  in¬ 
closed  in  shells.  All  these  shells  and 
the  bones  of  fish  and  other  sea  ani¬ 
mals  contain  lime.  When  the  animals 
die,  the  softer  parts  of  their  bodies 
disappear.  The  solid  parts,  including 
the  shell  and  bone  skeletons,  sink  to 
the  bottom.  There  they  pile  up  and 
are  subjected  to  the  same  pressure 
and  conditions  as  other  particles  at 
the  bottom  of  the  water.  Eventually 
they  form  limestone,  a  variety  of 
sedimentary  rock.  A  great  part  of  the 
limestone  is  composed  of  the  skele¬ 
tons  of  microscopic  animals  that  live 
floating  at  and  near  the  surface  of  the 
open  oceans.  The  famous  chalk  cliffs 
of  Dover  and  the  chalk  beds  of  our 
own  country  are  softer  rocks  made  of 
the  skeletons  of  such  microscopic 
animals  of  ages  past. 

Dead  plants  make  rock.  A 
small  portion  of  sedimentary  rock  is 
formed  from  partially  decayed  plant 
matter  such  as  leaves,  logs,  and  twigs 
which  have  dropped  to  the  bottom  of 
lakes  and  swamps  and  have  been 
buried  by  the  later  sediment.  Bitu¬ 
minous  or  soft  coal  is  a  variety  of 


sedimentary  rock  formed  from  such 
accumulations. 

Transformed  rocks.  The  fold¬ 
ing  that  rocks  undergo  in  mountain¬ 
making  heats  them.  Contact  with  hot 
molten  rocks  often  adds  to  the  heat. 
Such  heating  changes  the  rocks. 
Hence  they  are  called  metamorphic, 
meaning  “having  to  do  with  change 
in  form.”  Limestone  is  changed  to 
marble,  shale  to  slate,  bituminous 
coal  to  anthracite.  Metamorphic 
rocks  are  often  found  in  volcanic  re¬ 
gions  and  in  low  hills,  such  as  those 
east  of  the  Appalachians,  that  are  the 
worn-down  remnants  of  ancient 
mountains. 

New  rocks  from  old.  Sand, 
pebbles,  and  clay  are  made  by  nature 
from  the  rocks  and  are  built  into 
rocks  again.  The  geologist  can  some¬ 
times  locate  the  older  rocks  that  were 
weathered  away  to  furnish  the  ma¬ 
terial  for  the  newer.  This  helps  him 
to  draw  a  map  showing  how  conti¬ 
nents  and  seas  looked  millions  of 
years  before  man  appeared  on  the 
earth.  The  older  rocks  mark  the  land 
surface.  The  newer  rocks  mark  the 
sea  where  the  sand,  pebbles,  and  clay 
were  being  laid  down  as  sediment. 
Nature  thus  uses  the  same  materials 
over  and  over  again,  tearing  down 
old  structures  and  building  new  with 
the  materials. 

What  fossils  tell.  Animals  that 
lived  in  the  ancient  mud  and  sands, 
and  others  that  swam  in  the  waters, 
left  their  remains  in  the  sedimentary 
rocks.  Land  animals  that  made  an 
unwary  step  into  oozy  mud  or  quick- 
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sand  have  left  a  record  of  their  exist¬ 
ence  in  the  rocks.  Plants,  too,  have 
fallen  and  been  engulfed.  Mud  and 
sand  that  covered  them  have  pre¬ 
served  their  remains.  The  bodies, 
bones,  or  shells  are  gone,  but  in  their 
place  is  stone  that  preserves  their 
form,  sometimes  even  to  the  micro¬ 
scopic  structures.  In  the  Arizona 
desert  is  a  forest  of  stone  trees.  The 
living  forest  was  overwhelmed  by 
volcanic  ash.  The  trees  died.  Water 
oozing  through  deposited  the  sub¬ 
stance  of  which  sand  is  made,  silica, 
in  place  of  the  wood  cells.  When  the 
volcanic  ash  was  weathered  away  in 
later  ages,  the  hard  silica  was  ex¬ 
posed.  These  remains  of  plants  and 
animals  are  the  fossils  that  tell  the 
history  of  past  life  on  the  earth.  It  is 
a  fragmentary  history.  Sometimes  a 
complete  skeleton  remains,  but  more 
often  a  part  or  even  a  footprint  or  an 
impression  of  a  leaf.  The  scientist 


pieces  together  the  various  bits  of 
evidence  that  tell  of  past  life.  Thus 
he  learns  the  long  story  of  the  devel¬ 
opment  of  life  on  the  earth.  The  evi¬ 
dence  of  fossils  with  evidence  from 
the  origin  of  rocks  helps  also  to  re¬ 
construct  the  maps  of  land  and  sea 
millions  of  years  ago. 

Using  the  rocks.  In  his  search 
for  the  means  of  living  comfortably, 
man  has  found  the  rocks  a  rich  treas¬ 
ure  house.  Stone  is  the  most  durable 
building  material  he  has  found. 
Granite  is  selected  for  durability  and 
beauty.  Massachusetts,  Vermont,  and 
Maine  have  supplied  a  large  section 
of  the  country.  North  Carolina  and 
California  are  also  granite  states. 

Sandstone  was  once  widely  used 
for  building  stone,  but  some  sand¬ 
stones  crumble  badly.  As  grindstones 
certain  sandstones  have  served  man 
well  in  an  age  of  iron.  Limestone  is 
more  valuable  as  a  building  stone 
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and  often  more  beautiful.  It  is  also 
the  greatest  source  of  lime.  When 
limestone  is  heated,  carbon  dioxide 
is  driven  off,  leaving  lime.  Limestone 
also  plays  a  necessary  part  in  the  age 
of  iron  and  steel,  for  mixed  with  coke 
it  enables  man  to  extract  iron  from 
its  ore.  Marble  is  the  stone  of  special 
beauty  for  works  of  art  and  build¬ 
ings.  Slate  because  it  is  easily  split 
into  thin  slabs  has  long  served  for 
roofing. 

The  search  for  ores  of  iron,  cop¬ 
per,  lead,  aluminum,  and  other 
metals  has  taken  the  white  man  to  the 
jungles  and  the  frozen  north.  Which 
metal  is  of  most  value  would  be  hard 
to  say.  Without  iron  we  should  have 
no  modern  machinery.  Without  cop¬ 
per  our  electrical  development  would 
be  slow,  for  copper  is  the  best  con¬ 
ductor  of  electricity.  Aluminum,  be¬ 
cause  of  its  lightness,  is  of  increasing 
value  in  air  travel.  Alloys  of  alu¬ 
minum  with  other  metals  are  proving 
so  valuable  in  construction  that  alu¬ 
minum  may  some  day  surpass  iron. 
Gold  and  silver  are  useful  not  only 
as  currency,  but  in  the  industrial  arts 
in  a  multitude  of  ways. 

In  1944  the  United  States  govern¬ 
ment  placed  fifty-three  minerals  on 
the  strategic  list,  the  loss  of  which 
minerals  might  have  lost  the  war. 
Among  these  were  bauxite  for  alu¬ 
minum,  mica  for  electrical  appara¬ 
tus,  tungsten  for  radio  tubes  and  cut¬ 
ting  instruments,  fluorospar  for  100- 
octane  gasoline,  beryl  and  manga¬ 
nese  for  metal  alloys.  Geologists  and 
engineers  searched  the  Americas 


from  the  Arctic  to  Cape  Horn  and 
other  parts  of  the  world  under  con¬ 
trol  of  the  Allied  Nations  for  these 
critical  minerals. 

The  three  chemical  substances 
most  needed  for  fertilizers  on  our 
farms  are  obtained  from  rock  de¬ 
posits.  Beds  of  phosphate  rocks 
are  found  in  Florida,  Tennessee, 
Wyoming,  and  elsewhere.  Some  of 
these  phosphate  rocks  were  made 
from  the  deposits  of  bones  which 
were  composed  of  calcium  phos¬ 
phate.  Nitrogen  fertilizer  has  been 
imported  by  millions  of  tons  from 
Chile,  where  it  is  found  in  great  beds 
of  sodium  nitrate.  Beds  of  rock  in 
Germany  are  a  source  of  a  third 
important  fertilizer,  potassium.  Dur¬ 
ing  the  war,  deposits  in  our  western 
states  furnished  our  supply. 

Coal,  the  base  of  our  energy  sup¬ 
ply  for  industry,  is  a  rock  formed 
from  plant  remains.  Petroleum  is 
probably  also  the  accumulation  of 
materials  from  living  things  of  by¬ 
gone  ages,  but  scientists  have  not  yet 
proved  the  source  beyond  dispute. 

Experiment  159 

Question:  What  is  a  test  for  lime¬ 
stone? 

Materials:  Hydrochloric  acid;  glass 
rod;  limestone;  several  other  rocks. 

Directions:  Using  a  glass  rod,  put  a 
drop  of  the  hydrochloric  acid  on  each 
of  the  rocks.  Notice  in  each  case 
whether  the  rock  fizzes.  What  is  the 
only  rock  on  which  the  acid  acts? 

Conclusion:  Answer  the  question. 

Practical  application:  This  is  the  test 
used  to  distinguish  between  limestone 
(or  marble)  and  other  rocks. 
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Experiment  160  (Optional) 

To  make  an  imitation  seismograph. 
Attach  a  bristle  to  the  bottom  of  a 
heavy  pendulum  bob  so  that  it  projects 
downward.  Support  the  pendulum  so 
that  the  tip  of  the  bristle  just  touches 
the  top  of  a  table.  Now  smoke  a  strip  of 
paper  over  a  candle  or  other  smoky 
flame.  Draw  the  smoked  paper  slowly 
under  the  bristle  tip  with  the  bristle  just 
making  a  line  on  the  smoked  paper. 
While  the  paper  is  being  drawn  under 
the  bristle,  have  someone  thump  or 
strike  the  far  end  of  the  table.  The  rec¬ 
ord  on  the  paper  is  an  imitation  of  the 
seismographic  record  of  an  earthquake. 

Experiment  161 

Question:  How  can  you  imitate  the 
formation  of  one  type  of  rock? 

Materials:  Plaster  of  Paris  or  Port¬ 
land  cement;  sand  and  pebbles;  card¬ 
board  or  wood  frames. 

Directions:  Mix  up  the  cement  or 
plaster  of  Paris  with  water,  and  mix  in 
the  sand  or  pebbles.  Use  1  part  cement, 
3  parts  sand,  and  6  parts  pebbles.  Use 
just  enough  water  to  make  it  pour 
slowly.  Pour  into  the  frames  and  set 
aside  to  harden  until  the  next  day.  You 
can  then  imitate  one  kind  of  erosion  by 
dripping  dilute  hydrochloric  acid  upon 
it. 

Results:  Report  condition  next  day 
and  result  of  dripping  acid. 

Conclusion:  What  kinds  of  rock  may 
be  formed  in  similar  manner?  What 
takes  the  place  of  the  hydrochloric  acid 
in  nature?  In  what  sort  of  country 
should  you  expect  to  find  similar  ero¬ 
sion?  What  structures  which  you  know 
of  are  formed  in  similar  manner? 


Experiment  162 

Question:  How  may  imitation  fossils 
be  made? 

Materials:  A  pint  bowl;  an  old 
spoon;  a  pasteboard-box  cover  about  3 
inches  square  and  -J  inch  deep;  Port¬ 
land  cement;  water;  a  small  fern  leaf 
or  other  object  with  which  to  make  an 
impression.  Plaster  of  Paris  may  be 
used  as  a  substitute  for  the  Portland  ce¬ 
ment. 

Directions:  (a)  Mix  the  plaster  of 
Paris  or  cement  as  in  the  preceding  ex¬ 
periment. 

( h )  Lay  the  fern  leaf  on  the  surface 
of  the  cement  paste  in  the  box  cover 
and  gently  press  it  into  the  cement  so 
that  the  upper  surface  of  the  leaf  is  even 
with  the  surface  of  the  cement. 

(c)  Set  it  away  for  24  hours  with 
the  leaf  lying  embedded  in  the  cement 
surface. 

( d )  Examine  the  cement  and  the  fern 
leaf.  What  has  happened  to  the  pasty 
cement? 

(e)  Lift  the  leaf  out  of  the  cement 
block.  It  may  be  necessary  to  use  the 
point  of  a  knife  or  a  pin  to  remove  it 
neatly. 

(/)  What  do  you  find  where  the  fern 
was  embedded? 

Diagram:  Make  a  line  drawing  of  the 
cement  or  plaster  block  with  the  fern 
impression  in  the  surface. 

Conclusion:  Answer  the  question  foi 
the  experiment. 

Practical  application:  The  experiment 
that  you  have  performed  with  pure  ce¬ 
ment  or  plaster  in  a  few  hours  repre 
sents  what  happens  over  long  periods, 
perhaps  thousands  of  years,  in  the  earth 
where  cement  is  impure  and  mixed  with 
other  substances. 


Field  and  Laboratory  Study 

Make  a  collection  of  rocks  of  your  re-  library.  A  school  museum  can  be  built 
gion.  Identify  them  from  books  on  by  exhibits  of  collections  of  rocks,  plants, 
rocks  and  minerals  borrowed  from  the  and  animals. 


Chapter  Sixty-one 

The  Science  of  the  Sea 


Through  the  centuries  men  have 
loved  and  feared  the  sea.  Science  is 
banishing  the  terror  of  it.  Down 
through  the  Middle  Ages  sailors, 
daring  as  they  were,  feared  unseen 
monsters  and  demons  of  the  open 
ocean.  The  scientific  vision  of  Co¬ 
lumbus  and  other  men  in  the  days 
of  the  reawakening  of  science  ban¬ 
ished  the  terror  demons.  Science  has 
now  made  the  sea  as  safe  as  the  land 
and  is  ever  increasing  its  value. 
Weather  bureaus  have  reduced  the 
danger  from  storms.  The  interna¬ 
tional  ice  patrol  by  the  ships  of  the 
U.  S.  Coast  Guard  keeps  track  of  ad¬ 
vancing  Arctic  ice.  Currents  that 
bring  ice  from  the  polar  oceans,  and 
others  that  bring  warm  waters  to 
temper  colder  lands,  the  tides,  waves 
in  calm  and  storm,  fish  and  other  life 
of  the  waters,  the  content  of  sea 
water,  the  bottoms  of  the  ocean  and 
their  changes — all  these  and  more 
are  subjects  of  study  included  in  the 
science  of  oceanography. 

The  depth  of  the  ocean.  The 
ocean  reaches  its  greatest  depth  at  a 
point  between  the  Philippine  Islands 
and  Japan,  where  it  is  7  miles  deep. 
Mount  Everest  in  the  Himalaya 
Mountains  of  Asia,  the  highest  moun¬ 
tain  peak  in  the  world,  rises  about 
5-g-  miles  above  sea  level.  The  high¬ 
est  point  of  land  in  the  world  is  verti¬ 
cally  only  about  12  miles  higher 
than  the  deepest  known  part  of  the 


sea.  The  average  elevation  of  the  land 
above  the  sea  level  is  about  i  mile, 
and  the  average  depth  of  the  ocean  is 
about  2\  miles.  The  height  of  the 
highest  mountains  is  trifling  com¬ 
pared  to  the  diameter  of  the  earth.  It 
would  be  represented  in  about  the 
right  proportion  by  some  slightly 
crinkled  tissue  paper  pasted  on  the 
outside  of  an  ordinary  school  globe. 

Plummets,  pieces  of  lead  attached 
to  long  wires,  let  down  from  the  sides 
of  the  ships,  were  the  first  means  of 
learning  the  depth.  The  echo  method, 
which  depends  upon  the  time  it  takes 
for  sound  to  be  reflected  from  the 
ocean  bottom,  is  used  extensively 
now  for  measuring  ocean  depths. 
Temperature  is  measured  with  reg¬ 
istering  thermometers,  and  water  bot¬ 
tles  that  open  and  close  at  definite 
depths  bring  up  samples  of  water. 
Dredges  and  other  apparatus  are 
used  to  drag  the  floor  of  the  ocean 
and  bring  up  specimens  of  the  ma¬ 
terials  covering  it. 

How  does  the  ocean  bottom  look? 
Our  knowledge  of  ocean  geography 
is  far  from  complete,  but  in  the  opin¬ 
ion  of  most  authorities,  it  varies 
greatly  from  that  of  dry  land.  In  com¬ 
parison  with  the  land,  the  bed  of  the 
sea  is  flat,  with  relatively  few  defi¬ 
nitely  pronounced  hills,  valleys,  and 
mountains.  There  are  many  eleva¬ 
tions,  but  they  rise  with  gentle  slopes. 
There  are  many  sloping  volcanic 
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cones,  not  so  steep  as  land  volcanoes. 
Thousands  of  these  cones  exist  in  the 
south  Pacific  Ocean.  Usually  they 
are  too  low  to  rise  above  the  surface 
of  the  sea,  but  occasionally  they  are 
high  enough  to  form  small  islands. 
Then  they  are  sometimes  topped  by 
coral  islands  or  reefs,  particularly 
in  the  tropics. 

Systems  of  mountain  ridges  under 
water  sometimes  emerge  above  the 
surface,  as  in  the  case  of  Cuba  and 
the  islands  surrounding  it.  There  are 
also  broad  plateau  lands  under  the 
ocean  somewhat  similar  to  those  on 
land. 

What  is  on  the  ocean  bottom  ? 

When  you  are  bathing  in  shallow 
water  and  pick  up  a  handful  of  ma¬ 
terial  from  the  bottom,  you  will  find 
that  it  is  largely  composed  of  peb¬ 
bles,  sand,  or  mud.  This  material 
was  deposited  by  rivers  in  shallow 
water  near  the  shores,  or  washed  di¬ 
rectly  down  from  the  shores  and 
further  ground  up  by  the  pounding 
breakers. 

Over  most  of  the  deep  ocean  is  an 
ooze  composed  of  the  skeletons  of 
microscopic  animals  of  the  sea  which, 
when  consolidated,  forms  limestone. 
In  greater  depths  is  an  ooze  composed 
of  silica,  the  substance  of  sand.  The 
microscopic  limy  skeletons  are  dis¬ 
solved  as  they  slowly  settle  through 
the  sea  and  fail  to  reach  the  greater 
depths.  Some  microscopic  sea  ani¬ 
mals  have  skeletons  of  silica  which  is 
very  much  more  difficult  to  dissolve. 

At  still  greater  depths,  a  type  of 
material  is  found  which  is  unlike  any 


ever  found  on  land.  It  is  red  clay  of 
powderlike  consistency  and  it  accu¬ 
mulates  in  water  at  a  depth  of  about 
18,000  feet.  This  red  clay  covers 
more  than  a  third  of  the  entire  sea 
bed  and  is  believed  to  have  formed 
to  a  large  extent  from  volcanic  dust 
and  from  dust  blown  from  the  land. 
It  contains  insoluble  portions  of 
limy  skeletons  and  shells,  such  as 
the  teeth  of  sharks.  Because  similar 
red  clay  material  has  never  been 
found  on  land,  scientists  are  led  to 
believe  that  no  part  of  the  present 
land  was  ever  covered  by  what  is 
now  the  very  deep  sea. 

Ocean  currents.  The  currents 
of  the  oceans,  or  some  of  them,  are 
like  mighty  rivers  of  the  sea,  rivers 
flowing  between  banks  of  stiller 
water.  The  Gulf  Stream  is  like  a 
thousand  Mississippis  combined, 
large  enough  to  carry  the  water  from 
all  the  great  rivers  of  the  world. 
Ships  from  New  York  bound  for  Eu¬ 
rope  can  recognize  the  Gulf  Stream 
when  they  enter  it.  It  has  bluer  and 
warmer  water  and  often  carries  liv¬ 
ing  things  of  the  tropic  seas.  Some¬ 
what  similar  currents  occur  in  other 
oceans  as  is  shown  on  the  map.  Cold 
currents  steal  down  from  the  polar 
seas — for  example,  the  Labrador 
Current  along  the  eastern  American 
coast,  and  the  Humboldt  Current 
along  the  west  coast  of  South 
America. 

We  learn  in  another  chapter  that 
the  difference  in  the  heating  power 
of  the  sun’s  rays  at  the  Equator  and 
in  the  polar  regions  accounts  for  a 
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The  ocean  currents  of  the  earth.  What  makes  the  water  move  and  what  de¬ 
termines  the  direction  it  shall  follow? 


circulation  of  water  over  the  globe. 
The  precise  course  of  the  current  is 
affected  by  other  forces.  Blowing 
westward  toward  the  Equator  are  the 
trade  winds.  They  would  tend  to 
send  ocean  waters  in  a  circle  around 
the  globe.  The  continents  turn  the 
water  aside.  The  westerly  winds  in 
the  temperate  zones  drive  the  cur¬ 
rents  toward  the  east  again  until  the 
opposite  coast  again  turns  them 
Equatorward.  Thus  the  great  eddies 
or  whirls  move  in  the  northern 
sphere  in  the  direction  of  the  hands 
of  a  clock,  or  clockwise;  in  the  south¬ 
ern  hemisphere,  they  move  counter¬ 
clockwise  (see  map). 

What  makes  the  waves?  The 
ocean  is  never  still.  Waves  are 
formed  when  the  wind  blows  over  the 
surface  of  the  water.  You  perhaps 
have  seen  waves  on  the  ocean  or  on  a 
lake  when  you  felt  no  wind.  The 
waves  run  on  when  the  wind  has 
ceased,  and  spread  hundreds  of 
miles  beyond  the  place  of  disturb¬ 
ance.  On  a  pond  there  may  be  only 


gentle  ripples  lapping  the  shore.  In 
violent  ocean  storms  they  may  be 
forty  or  more  feet  high.  Usually  the 
ocean  wave  is  not  more  than  ten  feet 
high. 

Have  you  ever  watched  wind 
blowing  over  a  field  of  wheat  or  hay? 
There  you  see  wave  motion.  The 
grain  bows  in  a  long  trough  and  rises 
in  place  again,  while  the  movement 
passes  on. 

In  spite  of  the  fluidity  of  water,  it 
hardly  moves  with  the  waves.  You 
can  prove  this  for  yourself  by  throw¬ 
ing  a  large  cork  into  a  rough  sea.  It 
will  bob  up  and  down  but  will  move 
forward  only  because  of  the  currents 
of  water,  not  because  of  wave  mo¬ 
tion.  In  wave  motion  chiefly  the  form 
goes  forward,  not  the  water  itself,  as 
you  can  see  in  the  field  of  grain,  al¬ 
though  there  is  some  forward  move¬ 
ment  of  the  water. 

If  you  have  been  bathing  in  the 
breakers,  however,  you  know  that 
they  will  tumble  you  along  toward 
the  shore.  The  Hawaiian  natives  ride 
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ashore  on  surf  boards  through  the 
breakers.  When  waves  run  into  shal¬ 
low  water,  they  reach  a  depth  where 
there  is  not  enough  water  to  form  a 
full  wave.  The  front  of  the  wave  is 
lacking,  and  the  top  curls  over  and 
forms  a  breaker.  The  water  then 
shoots  forward. 

The  sea  is  a  great  solution. 

Sea  water  is  a  solution  of  many 
chemical  substances.  We  learned  in 
another  chapter  why  the  sea  is  salty. 
(See  page  94.)  Salt  is  brought  by 
the  rivers  from  the  land.  The  rivers 
bring  in  a  great  variety  of  other 
chemical  compounds  in  addition  to 
common  salt.  Many  of  these  are  in¬ 
tensely  bitter  to  the  taste. 

Practically  all  the  substances  that 
we  find  in  the  rocks  we  find  also  in 
the  water.  Even  gold  is  there,  al¬ 
though  in  such  minute  quantities  that 
it  would  not  pay  to  extract  it. 

The  concentration  of  salt  and  other 
dissolved  substances  makes  it  easier 
to  float  in  the  sea  than  in  fresh  water. 
Perhaps  you  have  noticed  it  when 
bathing.  Some  parts  of  the  sea  are 
saltier  than  others.  Where  great  riv¬ 
ers  pour  in  fresh  water,  the  salt  is 
more  diluted.  In  inclosed  seas  like 
the  Mediterranean  where  the  sun  is 
warm  and  the  air  clear,  greater  evap¬ 
oration  takes  out  more  water  but 
leaves  the  salt  behind. 

Life  in  the  sea.  All  the  elements 
that  plants  and  animals  need  in  their 
bodies  are  in  the  sea.  It  is  not  sur¬ 
prising,  therefore,  that  the  sea  is 
teeming  with  life.  Along  the  shal¬ 
lower  waters  larger  life  is  more 


abundant  for  there  the  feeding  is 
better.  Plants  must  live  where  the  sun 
reaches  them,  and  light  does  not  pen¬ 
etrate  more  than  a  quarter  of  a  mile 
and  is  weak  below  200  feet.  In  the 
sea  as  on  land,  animals  depend  upon 
plants  for  food  and  so  live  where 
plants  can  get  light.  In  the  middle  of 
the  ocean  there  is  a  dearth  of  larger 
life,  but  the  microscope  shows  myri¬ 
ads  of  living  things,  both  plant  and 
animal.  Sometimes  this  microscopic 
life  is  so  abundant  as  to  give  the  sea 
for  miles  a  pink  or  a  shining  brown 
color.  The  living  things  that  spend 
their  lives  down  below  in  the  dark 
waters  must  depend  for  their  food  on 
the  things  living  and  dead  that  drop 
down  from  the  surface  waters.  Down 
in  the  greatest  depths  no  life  has  ever 
been  found  by  the  dredges  that  ex¬ 
plore  those  hidden  places.  Perhaps 
no  oxygen  penetrates  to  those  depths 
or  the  food  substances  are  all  dis¬ 
solved  in  the  miles  of  water  above 
them.  These  great  deeps  are  life 
deserts. 

The  pressure  on  deep-sea  ani¬ 
mals.  Did  it  over  occur  to  you  to 
inquire  why  animals  under  a  mile  or 
more  of  water  were  not  crushed  to 
death?  The  pressure  inside  an  ani¬ 
mal’s  body  balances  the  pressure  of 
the  water  at  the  depth  at  which  the 
animal  lives,  just  as  the  internal 
pressure  of  a  man’s  body  balances 
the  atmospheric  pressure  at  which  he 
lives.  A  man’s  body  at  sea  level 
must  sustain  a  pressure  of  15  pounds 
to  the  square  inch  (see  page  16). 
The  body  of  an  animal  living  at  a 
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depth  of  three  miles  of  sea  water 
must  sustain  a  pressure  of  over  two 
tons  to  the  square  inch. 

The  sea  serves  man.  Like  many 
lower  creatures  man  has  fitted  him¬ 
self  to  make  use  of  the  sea.  Life  was 
long  in  the  sea  before  it  had  fitted  it¬ 
self  to  the  land,  but  once  fitted  to 
land  it  became  very  difficult  to  return 
to  the  sea.  Men  of  the  Old  Stone  Age 
were  land  creatures,  perhaps  getting 
a  little  food  along  the  sea’s  edge.  All 
through  the  centuries  of  ancient  his¬ 
tory  man  in  his  voyages  upon  the  sea 
clung  close  to  the  shores.  In  ancient 
times  the  sea  separated  peoples ;  now 
it  unites  them.  The  sea  is  man’s  great¬ 
est  pathway  from  one  part  of  the 
earth  to  another. 

The  sea  also  furnishes  supplies. 
Fish  were  responsible  for  many  an¬ 
cient  coast  settlements.  Fisheries  took 
men  across  the  Atlantic  to  the  New¬ 
foundland  Banks.  Tropic  waters  and 
Arctic  alike  are  fished.  Sea  plants, 
too,  furnish  products.  Iodine  was 
long  obtained  only  from  seaweeds 
and  part  of  our  supplies  still  comes 
from  the  source.  Agar,  a  gelatin¬ 
like  substance  obtained  from  sea¬ 
weed,  is  used  in  growing  bacteria  in 
the  laboratory,  in  making  ice  cream, 
and  for  other  purposes.  Even  the 
water  furnishes  supplies.  Salt  is  ob¬ 
tained  by  evaporation  in  the  sunnier 


climates  (see  page  95).  Bromine 
to  make  “high-test”  gasoline  that 
does  not  knock  in  the  engine  is  ob¬ 
tained  from  sea  water.  The  light 
metal  magnesium,  used  in  airplane 
construction  and  in  incendiary 
bombs,  is  also  obtained  from  sea 
water. 

Experiment  163 

Question:  Is  anything  dissolved  in 
ocean  water  and  in  fresh  water? 

Materials:  Ocean  water;  fresh  water; 
Bunsen  burner  or  stove;  two  8-ounce 
evaporating  dishes. 

Directions:  (a)  Fill  the  evaporating 
dishes  half  full,  one  with  ocean  water 
and  one  with  fresh  water. 

( b )  Place  them  on  the  stove  or  over 
the  flame  and  allow  them  to  boil  until 
the  water  is  gone.  What  becomes  of  the 
water? 

(c)  After  allowing  the  dishes  to  cool, 
examine  the  substance  which  is  left  in 
them. 

( d )  Roll  between  your  thumb  and 
forefinger  a  pinch  of  the  powder  which 
you  find.  Taste  it.  What  do  you  decide 
it  is? 

Diagram:  Make  a  drawing  of  the 
evaporating  dishes  over  the  flame. 

Conclusion:  Answer  the  question. 

Practical  application:  Water  contains 
dissolved  rocks  and  minerals. 

Certain  rocks  dissolved  in  water  make 
it  “hard.”  We  can  separate  the  water 
from  the  substance  dissolved  in  it  by 
boiling  and  allowing  the  water  to  evap¬ 
orate. 


Additional  Questions  to  Think  Out 

1.  If  the  earth  had  no  atmosphere,  3.  Do  forests  aid  or  retard  soil- 

it  would  probably  have  no  soil.  Why?  making? 

2.  What  evidence  is  there  that  the  4.  If  rain  is  always  wearing  away 
earth’s  surface  in  past  ages  was  worn  land,  how  is  it  that  there  is  any  land 
down  by  the  same  processes  we  see  today  ?  left? 
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5.  Why  do  you  find  round  rocks  in 
the  bed  of  a  stream  but  angular  rocks 
at  the  foot  of  a  cliff? 

6.  If  you  found  a  section  of  a  hill 
made  up  of  rounded  stones  mixed  with 
gravel,  what  should  you  conclude  as  to 
its  past  history? 

7.  In  Nova  Scotia  coal  mines  run 
out  under  the  sea.  How  do  you  account 
for  coal  under  the  sea? 

8.  Why  are  the  chief  fishing 
grounds  found  in  shallow  waters,  or 
banks? 

9.  Why  does  mud  settle  when  a 
river  flows  into  a  lake? 

10.  Why  does  a  stream  usually  de¬ 
posit  more  material  at  the  sides  than  in 
the  center? 

11.  In  some  places  off  the  coast  of 
Florida  fresh  water  rises  in  the  midst  of 
the  sea  in  such  quantities  that  sailing 
ships  formerly  filled  their  water  casks 
there.  Where  does  the  fresh  water  come 
from  in  such  quantities? 

12.  Why  do  not  the  bottom  waters 
of  the  deep  sea  show  the  heating  effects 
of  the  interior  heat  of  the  earth? 

13.  Are  fossils  found  in  volcanic 
rock?  in  granite? 

14.  Why  is  there  granite  in  New  Eng¬ 
land  and  New  York  but  none  in  the 
peninsula  of  Florida? 

15.  Why  is  it  believed  that  the  in¬ 
terior  of  the  earth  is  hot? 

16.  In  what  direction  do  the  chief 
mountains  of  Europe  trend?  of  Amer¬ 


ica?  How  does  the  trend  affect  man’s 
use  of  the  continents? 

17.  How  do  the  shapes  of  continents 
affect  man? 

18.  Why  was  there  a  glacial  period? 
First  write  down  a  hypothesis  (guess) 
of  your  own.  Then  write  down  all  the 
evidence  for  and  against  your  hypothe¬ 
sis.  Finally  look  up  the  hypothesis  of 
scientists  in  a  large  encyclopedia  or  in 
books  on  geology  or  physiography. 

19.  Look  up  the  question  whether 
mountain  and  polar  glaciers  are  now  ad¬ 
vancing  or  retreating. 

20.  If  the  southern  states  had  been 
glaciated,  how  would  their  present  sur¬ 
face  appear? 

21.  Why  do  some  lakes  have  salt  wa¬ 
ter? 

22.  If  there  are  lakes  or  swamps  near 
your  home,  visit  them  and  decide  why 
they  are  there. 

23.  If  you  have  seen  salt  marshes 
near  the  coast,  try  to  explain  why  they 
are  there.  Form  your  own  hypothesis 
and  then  look  up  the  scientists’  explana¬ 
tion  in  the  library. 

24.  Why  do  you  suppose  there  are 
so  many  small  islands  dotted  over  the 
map  of  the  South  Pacific? 

25.  Where  does  the  sea  get  its  sand? 
its  lime  deposits? 

26.  What  becomes  of  all  the  water 
that  rivers  pour  into  the  ocean? 

27.  Why  is  the  sea  water  not  limy  as 
it  is  salty? 


Unit  Fifteen 

What  Determines 

W  eather 


When  the  Germans  marched  into  Norway  in 
1940,  the  British  wrecked  every  Norwegian 
iveather  station  in  Greenland.  The  United 
States  Coast  Guard  then  set  up  weather  and 
radio  stations  there.  Why?  The  weather  of 
Greenland  is  the  next  day  the  weather  of  the 
Atlantic  and  in  two  days  the  weather  of 
Europe.  Greenland  weather  meant  life  or 
death  to  air  crews  and  ground  forces,  ships, 
and  civilians. 

The  weather  of  Canada  is  of  great  im¬ 
portance  to  airplane  pilots  from  Texas  to 
Newfoundland.  Air  transport,  maneuvers,  and 
commercial  flying  must  reckon  with  the 
weather.  The  weather  service  is  an  important 
part  of  the  air  service.  The  pilots  must  know 
the  weather  before  it  comes.  And  the  weather 
of  Canada  is  of  vast  importance  to  the  United 
States.  It  is  the  weather  over  most  of  the  United 
States  tomorrow  and  the  next  day. 

Farmers  live  by  the  weather.  A  frost  warning 
sets  the  fires  burning  in  the  orchards  of  Cali¬ 
fornia  and  Florida.  Mariners  stay  in  port  when 
the  storm  signals  fly.  Even  picnickers  may 
learn  to  know  whether  they  may  enjoy  a  sunny 
day  or  will  need  to  run  for  shelter. 


( l )  Shigeta-W right,  (2)  (4)  Ewing  Galloway,  N.Y.,  (S)  Philip 
Gendreau 


Chapter  Sixty-two 

Conditions  Governing  Weather 
and  Climate 


Layers  of  the  atmosphere.  We 

live  at  the  bottom  of  the  air,  most  of 
us  at  sea  level  or  close  to  it.  Moun¬ 
tain  people  may  live  two  or  three 
miles  up.  Aviators  may  live  five 
miles  up  for  a  short  time.  The  air 
goes  up  several  hundred  miles,  per¬ 
haps  20,000  miles.  The  part  of  the 
air  that  pleases  or  annoys  us  most  is 
the  lower  five  or  six  miles,  the  part 
that  contains  our  weather.  Above  that 
level  there  is  no  weather,  no  storms, 
just  eternal  sunshine — and  cold,  67° 

F.  below  zero.  We  shall  study  in  this 
unit  the  lower  level,  but  we  shall  take 
a  quick  glance  above. 

The  heat  of  our  air  comes  from 
the  sun  but  most  of  it  indirectly,  com¬ 
ing  up  from  the  earth’s  surface.  The 
sun’s  rays,  coming  down  from  the 
sun,  heat  the  air  very  little.  The  rays 
pass  on  through  the  air  to  the  earth’s 
surface,  where  the  heat  rays  are  ab¬ 
sorbed,  warming  the  earth’s  surface. 
The  earth  radiates  the  heat  outward 
again.  It  is  chiefly  the  outgoing  rays 
that  heat  the  atmosphere.  As  you  go 
upward  from  the  earth’s  surface  at 
sea  level,  the  temperature  of  the  air 
falls,  so  that  the  tops  of  high  moun¬ 
tains  are  ice-covered,  and  aviators 
flying  to  high  altitudes  wear  electri¬ 
cally  heated  suits.  The  average  de¬ 
crease  of  temperature  is  about  3.3° 

F.  for  every  1000  feet  of  ascent. 
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This  fall  of  temperature  with  in¬ 
creased  altitude  continues  to  about 
35,000  feet,  or  to  about  seven  miles, 
where  the  temperature  is  about  67° 
F.  below  zero.  Above  that  limit  the 
temperature  does  not  change  as  far 
as  pilot  balloons  with  instruments 
have  gone,  and  probably  remains 
unchanged  to  great  altitudes.  This 
unchanging  layer  is  called  the 
stratosphere.  It  is  closer  to  the  earth 
at  the  poles  than  at  the  Equator,  and 
its  altitude  varies  with  the  season. 
The  stratosphere  is  ideal  for  flying, 
no  storms,  no  clouds,  no  fogs.  The 
great  difficulty  is  to  get  up  there  and 
to  live  there,  and  to  get  down  again 
through  the  cloud  and  storm  layer. 
Aviators  have  approached  the  lower 
part  of  the  stratosphere,  but  they 
must  go  through  the  layer  of  chang¬ 
ing  weather,  the  troposphere . 

In  the  upper  part  of  the  strato¬ 
sphere,  at  about  25  miles,  the  tem¬ 
perature  rises  again,  reaching 
perhaps  160°  F.  This  increased 
temperature  continues  upward  to 
about  35  miles.  Rockets  have  been 
fired  through  this  layer  to  a  height 
of  75  miles  and  have  radioed  down 
reports  of  air  conditions.  But  no 
man  has  been  there. 

Why  it  becomes  cloudy,  and 
rains.  Air  dries  the  soil  and  carries 
away  the  moisture.  Similarly  it  takes 


w 


Ewing  Galloway, 

Fog  rising  from  a  brook  valley.  Moisture  condenses  when  warm  air  meets 
cool  air 


water  from  lakes  and  oceans.  It  re¬ 
ceives  large  quantities  by  transpira¬ 
tion  from  plants.  Air  dissolves  water 
as  water  dissolves  sugar. 

Warm  water  dissolves  more  sugar 
than  does  cold  water.  If  you  make  a 
saturated  sugar  solution  (a  solution 
containing  all  the  sugar  the  water 
will  dissolve)  in  warm  water  and 
then  allow  the  solution  to  cool,  some 
sugar  will  be  dropped  out  of  solution 
and  will  appear  in  the  bottom  of  the 
dish.  Similarly  if  warm  air  dissolves 
all  the  water  it  can  hold,  and  then  the 
air  is  cooled,  water  will  drop  out  of 
the  air.  Cooling  leads  to  condensa¬ 
tion  of  water.  We  have  seen  in  the 
unit  on  air  that  an  ice-water  pitcher 
“sweats”  because  of  the  condensa¬ 
tion  of  atmospheric  moisture. 

At  night  the  air  near  the  ground 
cools,  and  if  it  contains  much  dis¬ 


solved  water  vapor,  some  of  the 
water  is  deposited  as  dew.  Grass 
cools  faster  than  rocks  and  soil  so 
that  early  in  the  evening  it  may  soak 
your  shoes  with  dew.  If  the  night  is 
cold,  frost  may  form.  When  the  sun 
comes  up,  the  air  is  warmed  and  the 
dew  dissolves  in  the  air  and  disap¬ 
pears. 

Perhaps  you  have  seen  fog  collect 
in  the  harbor  as  the  cool  wind  came 
in  from  the  sea.  Or  perhaps  in  the 
early  morning  you  have  seen  fog  lie 
in  the  valleys  after  the  sun  has 
warmed  the  hills  and  evaporated 
their  fog.  Driving  along  a  road  in  the 
evening  you  may  often  find  fog  where 
the  road  dips  into  a  cool  valley  and 
none  where  it  climbs  the  warmer  hill. 

Whenever  air  is  cooled  suffi¬ 
ciently,  the  moisture  is  condensed 
into  fine  droplets.  These  droplets  are 
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the  mist  on  the  outside  of  the  ice- 
water  pitcher,  the  fog  in  the  valley, 
and  the  clouds  in  the  sky. 

If  cooling  continues  long  enough 
and  there  is  sufficient  water  vapor  in 
the  air,  the  tiny  droplets  of  the 
clouds  steadily  grow  in  size.  Finally 
they  reach  a  size  which  the  air  will 
no  longer  support  and  the  condensed 
moisture  comes  down  as  rain.  If 
condensation  occurs  below  freezing 
point,  snow  crystals  are  formed. 

Measuring  water  in  the  air. 
The  amount  of  water  dissolved  in  air 
determines  its  humidity .  The  weight 
of  water  in  a  cubic  foot  of  air  is  the 
absolute  humidity .  If  we  want  to 
know  whether  it  will  rain,  we  are 
more  interested  in  knowing  the  rela¬ 
tive  humidity — that  is,  the  amount 
actually  present  compared  with  the 
amount  that  would  saturate  the  air  at 
whatever  temperature  it  has.  The  ca¬ 
pacity  to  dissolve  water  varies  with 
the  temperature.  For  any  tempera¬ 
ture,  a  relative  humidity  of  100 
means  that  the  air  is  saturated  with 
moisture,  and  precipitation  will  fol¬ 
low  a  drop  in  temperature. 


Wet-  and  dry-bulb 
thermometers  used  to 
measure  the  humid¬ 
ity  of  the  air 


Did  you  ever  see  a  little  doll  that 
would  indicate  coming  rain  by  the 
changing  color  of  her  skirt?  The  skirt 
has  been  dipped  in  a  solution  of  co¬ 
balt  chloride.  When  the  air  is  dry, 
the  skirt  is  blue.  When  the  humidity 
increases  in  the  air,  the  cobalt  chlo¬ 
ride  absorbs  moisture  and  turns 
pink.  Sometimes  the  rain  indicator 
is  a  painted  landscape  with  a  sky 
painted  with  cobalt  chloride. 

The  scientific  instrument  for  meas¬ 
uring  humidity  is  a  hygrometer.  In 
one  type,  a  human  hair  lengthens  as 
it  absorbs  moisture  from  the  air  and 
allows  a  pointer  to  move  over  a  dial. 
In  another  type  two  thermometers 
are  mounted  as  in  the  figure.  The 
bulb  of  one  is  surrounded  by  a  wet 
wick.  If  the  air  is  dry,  the  evapora¬ 
tion  from  the  wet  bulb  will  be  great 
and  the  evaporation  cools  the  ther¬ 
mometer.  The  humidity  can  be  ascer¬ 
tained  for  readings  of  wet  and  dry 
bulbs  by  referring  to  prepared  tables. 

Thunderstorms.  On  a  warm 
summer  day  you  often  may  see 
bright,  white  clouds  like  piles  of 
wool  toward  noon  or  afternoon.  They 
are  called  thunderheads.  The  air  be¬ 
low  them  is  warm  and  rising.  As  it 
rises  to  the  cooler  regions,  it  expands 
and  cools,  and  its  moisture  is  con¬ 
densed  into  clouds.  If  the  rising  con¬ 
tinues,  the  droplets  increase  in  size. 
The  rising  of  the  air  may  become  a 
violent  rush  upward  that  piles  the 
white  clouds  into  a  sharp  pyramid. 
Finally,  the  raindrops  become  too 
heavy  for  even  the  violent  upward 
rush  of  wind  to  support,  and  they 


( 1 )  Philip  Gendreau,  {2)  (3)  Black  Star 

1.  Thunderheads  gather.  2.  The  storm 
approaches.  3.  The  storm 

come  down  as  a  deluge  of  cold  rain 
with  a  great  draft  of  cold  wind  from 
the  high  places. 

Experiments  in  the  laboratory 
have  shown  that  when  drops  of  water 
are  broken  by  blasts  of  air,  the 
broken  parts  become  charged  with 
electricity.  That  is  what  happens 
very  often  in  thunderstorms.  A  vio¬ 
lent  uprush  of  air  separates  the 
charges.  Opposite  charges  collect  on 
the  top  and  the  bottom  of  a  cloud. 
A  charged  cloud  may  induce  an  op¬ 
posite  charge  in  a  neighboring  cloud 
or  on  the  ground.  Charges  continue 
to  accumulate  with  the  violent  rush 
of  air  currents.  When  the  charges 
have  become  great  enough,  sparks 
may  leap  from  clouds  five  to  ten 
miles  apart.  A  discharge  may  occur 
between  the  lower  part  of  the 
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cloud  and  the  upper  part  or  between 
the  lower  cloud  and  the  ground.  This 
discharge  causes  the  flash  of  light¬ 
ning,  and  the  thunder  is  the  violent 
vibrations  of  the  air  set  up  by  the 
leaping  charge. 

Often  the  whirling  air  carries  the 
drops  up  till  they  freeze,  lets  them 
fall  part  way,  and  carries  them  up 
again  and  again,  each  time  adding  a 
new  coating  of  ice,  until  they  are  too 
heavy  to  be  again  blown  upward. 
Thus  hailstones  are  formed. 

Air  masses.  Let  us  suppose  it  is 
summer  and  that  we  are  in  the  Mid¬ 
west — or  anywhere  from  Montana  to 
the  State  of  Maine  or  southward  a 
few  hundred  miles.  Let  us  suppose 
that  it  is  one  of  those  hot,  hot  days 
when  you  can  sit  in  the  shade  and 
feel  the  perspiration  ooze  out  into 
your  soaking  clothes,  or  as  much  of 
them  as  you  still  keep  on.  It  is  hot 
and  humid.  Perhaps  there  is  a  little 
breeze,  if  you  can  find  a  tree  on  a  hill¬ 
top,  a  warm  breeze  from  the  south¬ 
ward.  The  sun  is  not  quite  brilliant 
and  the  distant  hills  are  hazy.  In  the 
afternoon  clouds  pile  up  like  rolls  of 
white  cotton,  thunderheads.  They 
grow  through  the  afternoon.  Towards 
evening  perhaps  a  big  black  cloud 
approaches  with  an  enormous  base 
and  blots  out  the  sky.  Thunder  rum¬ 
bles,  lightning  flashes,  and  then  a 
downpour  of  rain  floods  the  fields, 
and  the  roads  or  the  streets.  The 
thunderstorm  passes.  Perhaps  other 
thunderstorms  are  seen  or  heard  in 
the  distance.  Then  suddenly  a  cool, 
strong  breeze  comes  in  from  the 


northwest  and  keeps  coming.  Next 
day  dawns  beautiful,  bright,  and 
cool.  The  haze  is  gone  from  the  dis¬ 
tant  hills,  the  sky  is  blue,  and  the  sun 
is  brilliant.  The  northwest  wind  con¬ 
tinues.  It  is  a  beautiful  summer  day, 
not  too  hot  to  work  or  play  and  en¬ 
joy  it. 

The  air  that  swept  in  as  a  cool 
northwest  wind  was  refrigerated  air 
from  far  up  in  northern  Canada  or 
beyond.  That  is  the  kind  of  air  they 
usually  have  up  there,  a  cool  air, 
thousands  of  miles  of  it,  several 
miles  thick  straight  up  to  the  stra¬ 
tosphere.  When  that  air  sweeps  down 
over  the  United  States,  it  brings 
something  of  northern  Canada,  its 
coolness.  Because  it  is  cool  air,  its 
moisture  content  is  low.  It  is  dry  air 
to  Midwesterners  and  Yankees  and 
Southerners.  Sometimes  the  Cana¬ 
dian  air  blows  westward  over  the 
mountains  to  the  Pacific  states,  and 
it  is  cool  and  clear  to  the  people 
there. 

That  mass  of  cool  air  lying  over 
northern  Canada  and  points  north, 
thousands  of  miles  wide  and  several 
miles  thick  straight  up  to  the  strato¬ 
sphere,  is  called  a  polar  continental 
air  mass.  To  the  airpilot  it  is  polar 
Canadian  and  good  flying  weather, 
dry  and  clear.  It  is  the  kind  of 
weather  that  people  dream  about  for 
summer  vacations,  or  for  hay-mak¬ 
ing  and  harvest.  You  know  the  kind 
of  weather.  Now  call  it  polar  conti¬ 
nental  or  polar  Canadian  for  the  rest 
of  the  chapter:  cool,  blue  sky,  north¬ 
west  wind. 
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The  rush  of  cold  air  under  warm  air  may  he  so  violent  as  to  cause  a  dust 
storm 


The  cold  front.  When  the  great 
polar  continental  air  mass  came 
down  upon  us,  it  came  like  a  great 
wall  of  water,  and  we  were  straight¬ 
way  submerged  in  the  giant  flood  of 
cool,  dry  air.  The  front  of  such  a 
moving  mass  of  air  is  called  an  air 
front ,  and  this  one  was  a  cold  front. 
A  rush  and  tumble  of  air,  thunder¬ 
showers,  and  squalls  often  mark  a 
cold  front.  Here  is  the  reason  for  the 
clouds,  squalls,  and  thunderstorms. 
The  cold  air  is  heavier  than  the  warm 
air,  so  that  it  slides  under  and  lifts 
the  warm  air.  Moisture  is  in  the 
warm  air,  moisture  that  makes  the 
hills  hazy  and  the  perspiration  stick 
to  your  skin.  As  the  warm  air  rises, 
the  moisture  is  cooled  and  con¬ 
densed  forming  the  cumulus  clouds, 
thunderheads,  and  often  thunder¬ 
storms.  Wind  squalls  come  with  the 
air  shooting  upward  and  downward 
in  the  thunderstorms.  The  disturb¬ 
ance  passes  with  the  air  front,  and 


afterwards  comes  the  cool,  steady 
wind  from  Canada,  the  home  of  this 
kind  of  air.  So  during  the  hot,  humid 
spells,  here  are  the  signs  of  an  ad¬ 
vancing  cold  front:  cumulus  clouds, 
thunderheads,  thunderstorms,  and 
then  cool,  clear  northwest  wind.  And 
here  are  the  signs  that  the  polar  Ca¬ 
nadian  air  has  arrived:  cool  north¬ 
west  wind,  fine  weather.  Sometimes 
the  cold  front  is  not  so  boisterous, 
and  the  wind  just  swings  around  to 
the  northwest  and  the  polar  conti¬ 
nental  is  upon  us. 

Tropical  maritime  air  mass. 
That  hot,  humid  spell  that  we  had 
before  the  polar  continental  blew  in, 
that  tropical  air,  was  just  that,  an  air 
mass  from  over  the  tropic  sea.  It 
moved  in  upon  us  some  days  earlier 
from  the  Gulf  of  Mexico  or  from  the 
tropical  Atlantic.  The  south  wind 
was  the  air  moving  in.  We  were  actu¬ 
ally  living  in  a  part  of  the  tropics, 
the  tropical  air.  It  is  called  a  tropical 
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maritime  air  mass ,  or  more  particu¬ 
larly  tropical  Gulf  or  tropical  Atlan¬ 
tic.  Warm  air  from  over  a  warm  sea 
is  laden  with  moisture,  therefore  it 
felt  humid,  the  perspiration  would 
not  evaporate,  and  the  hills  were 
hazy.  The  hot  air,  rising  as  the  warm 
earth  heated  the  air  to  still  higher 
temperatures,  generated  frequent 
summer  thunderstorms,  especially 
in  the  Midwest  and  the  South.  Air 
pilots  do  not  like  those  thunder¬ 
storms. 

When  the  front  of  a  tropical  mari¬ 
time  approaches,  it  is  a  warm  front. 
Its  approach  is  different  from  the  ap¬ 
proach  of  a  cold  front.  You  can  tell 
it  by  its  signs  before  the  tropical 
maritime  floods  your  section  of  the 
country.  Y ou  can  foretell  the  weather, 
if  you  learn  the  signs.  The  warm  air 
is  light  and,  therefore,  it  rides  in  over 
the  cooler  air  of  the  more  northerly 
country.  High  above  the  earth,  five 
miles  or  more,  the  air  is  chilled 
and  its  moisture  is  condensed.  But 
away  up  at  that  cold,  cold  altitude, 
the  moisture  condenses  as  fine  crys¬ 
tals  of  ice,  forming  high  wisps  of 
clouds,  cirrus  clouds.  Away  up  there, 
five  miles  above  you  and  above  the 
cooler  air  that  surrounds  you,  the 
warm  front  is  moving  in.  The  front 
slopes  down  southward  until  some 
hundreds  of  miles  away  it  rests  upon 
the  ground.  As  the  cooler  air  retreats 
from  your  region,  the  warm  tropical 
air  flows  in  at  the  ground  level.  You 
first  notice  high,  feather-like  cirrus 
clouds,  next  day  heavier  white  clouds 
gradually  filling  the  sky.  The  third 


day  brings  dark,  heavy  clouds, 
then  rain  and  a  southerly  wind.  The 
rain  stops  but  the  south  wind  remains 
with  hot,  humid  weather,  perhaps 
with  thundershowers  in  the  after¬ 
noon  while  the  tropical  air  mass  re¬ 
mains. 

Other  air  masses.  Polar  mari¬ 
time  air  sometimes  moves  in  over  the 
United  States  from  the  North  Atlan¬ 
tic,  and  people  do  not  enjoy  it.  It 
comes  with  a  northeast  wind,  the 
famous  “nor’easter”  of  New  Eng¬ 
land,  bringing  fog,  rain,  and  chill, 
the  kind  of  weather  the  New  England 
and  Nova  Scotia  fishermen  and  the 
U.  S.  Coast  Guard  meet  over  the 
North  Atlantic.  The  polar  maritime 
from  the  North  Pacific  keeps  the 
northwest  coast  and  bordering  coun¬ 
try  cool  and  rainy,  and  its  moisture 
keeps  the  mountains  covered  with 
snow  and  glistening  with  glaciers. 
Tropical  maritime  from  the  Pacific 
produces  coastal  fog  when  chilled  at 
the  coast  and  rain  or  snow  when 
chilled  in  the  mountains.  Tropical 
continental  from  the  deserts  of  Mex¬ 
ico  and  thereabouts  is  hot  and  dry, 
and,  if  it  blows  too  much,  makes  dust 
bowls  in  the  southwest. 

Air  masses  and  seasons.  How 
we  enjoy  the  air  mass  that  comes  to 
us  and  what  our  land  does  to  such 
an  air  mass,  depend  upon  the  time 
of  year.  When  the  tropical  mari¬ 
time  flows  in  over  the  Northerners 
in  summer,  they  swelter.  When  it 
flows  over  them  in  winter,  they  com¬ 
plain  of  chill,  cloudy,  wet  weather. 
The  thermometer  during  the  winter 
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visits  of  the  tropical  maritime  to  the 
North  may  be  many  degrees  warmer 
than  during  the  visits  of  the  polar 
continental  air,  but  the  dampness  of 
the  tropical  maritime  in  winter 
makes  the  weather  feel  chill.  Cold 
land  chills  the  lower  layers  of  the 
tropical  maritime,  and  the  moisture 
is  condensed  as  fogs,  clouds,  rain, 
and  snow.  It  is  the  same  air  that  the 
winter  vacationists  bathing  in  the 
Florida  surf  enjoy,  warm  balmy  air 
there,  but  how  changed  in  the  North, 
at  least  in  its  lower  layers  that  bathe 
the  Northerners  at  home! 

Polar  continental  air  in  winter 
comes  from  a  snow-covered  con¬ 
tinent,  a  land  where  the  tempera¬ 
ture  may  be  40°,  50°,  60°  below 
zero.  The  air  is  cold  from  the  ice 
and  snow  right  up  to  the  strato¬ 
sphere,  a  sea  of  cold  air  several 
miles  thick.  It  is  so  cold  that  it  con¬ 
tains  little  moisture.  When  that  air 
blows  down  upon  the  United  States, 
it  is  clear,  cold,  intensely  cold,  no 
longer  60°  below  when  it  reaches 
Missouri,  Texas,  and  New  York,  but 
intensely  cold.  The  polar  continen¬ 
tal  in  summer,  when  the  snow  and 
ice  have  melted  from  the  Canadian 
plains,  is  no  longer  ice-cold,  but  it 
is  cool,  clear,  and  bracing  when  it 
comes  upon  the  United  States. 

Cyclones.  An  air  front  where 
cold  and  warm  air  masses  meet 
may  be  marked  by  violent  air  dis¬ 
turbances.  Wild  squalls,  storms, 
and  gigantic  whirlpools  of  air  may 
be  generated.  These  gigantic  air 
whirlpools  are  cyclones .  Such  a 


How  the  winds  blow  around  a  high 
and  a  low  pressure  area 


whirlpool  of  air  may  be  a  thousand 
miles  across.  In  the  center  of  the 
whirlpool  is  a  low  pressure  area 
where  the  barometer  may  fall  to  29 
inches  (or  about  1012  millibars). 
Into  this  low  the  winds  are  blowing. 
The  winds  do  not  blow  straight  in, 
but  are  deflected  by  the  rotation  of 
the  earth,  to  the  right  in  the  northern 
hemisphere.  Therefore  the  winds 
blow  in  spirally  to  the  low.  (See  dia¬ 
gram  above.)  You  cannot  see  this 
gigantic  whirlpool  by  looking  out 
across  the  country.  It  is  too  gigantic, 
perhaps  a  thousand  miles  across. 
You  see  it  indicated  by  the  direction 
of  the  winds  about  a  low  on  the 
weather  map.  About  you  on  your 
home  ground  you  see  only  the  direc¬ 
tion  of  the  wind.  If  the  low  is  west  of 
you,  you  have  a  southeast  wind.  If 
the  low  is  north  of  you,  you  have  a 
southwest  wind.  The  diagram  shows 
you  the  wind  direction  about  the  low. 
You  can  locate  an  approaching  low 
by  the  wind  direction  at  your  home. 
If  you  examine  a  weather  map,  you 
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An  approaching  tornado 

can  tell  the  direction  of  the  wind  to 
expect  as  the  low  approaches. 

Winds  blowing  into  the  low  from 
over  the  sea,  laden  with  moisture, 
bring  rain  as  the  warm  air  is  chilled. 
Therefore,  the  lows  are  stormy  times. 
These  cyclonic  storms  or  cyclones 
are  the  common  rain  storms  of  the 
temperate  zones.  A  low  on  the 
weather  map  means  a  cyclone  and 
probably  rain. 

“Twisters.”  In  parts  of  the 
United  States,  there  are  sometimes 
violent  whirling  storms  with  a  black 
funnel  of  clouds  that  suck  up  or  blow 
about  anything  that  is  loose  on  the 
ground — woodpiles,  wagons,  horses, 
chickens,  cows,  men.  These  storms 


are  called  tornadoes  by  the  weather¬ 
man,  but  are  often  called  “cyclones” 
by  the  people  whose  land  they  tear 
through.  If  a  tornado  passes  over  a 
house,  the  walls  of  the  house  may 
shoot  outward  and  the  boards  whirl 
away.  Boards  and  objects  of  like 
weight  have  been  carried  along  for 
a  mile.  In  a  Louisiana  tornado  a 
rooster  was  picked  up  on  a  farm  and 
landed  safely  in  the  next  parish. 

These  storms  occur  in  spring  and 
summer  when  the  air  suddenly  starts 
to  rise  with  the  inrush  of  the  sur¬ 
rounding  cooler  air.  The  rush  is  so 
violent,  estimated  at  500  miles  an 
hour,  that  a  partial  vacuum  is  created 
in  the  “eye”  of  the  storm,  which  ac¬ 
counts  for  the  “sucking”  action  and 
the  tumbling  outward  of  house  walls 
due  to  the  pressure  of  the  inside  air. 
Tornadoes  advance  from  the  south¬ 
west  to  the  northeast  at  20  to  50 
miles  an  hour.  In  the  open  country 
they  may  be  seen  coming  a  long  way 
off,  so  that  it  may  sometimes  be  pos¬ 
sible  to  get  out  of  their  reach  by 
speeding  to  the  northwest.  The  storms 
are  small  in  diameter,  a  few  hundred 
yards  across.  The  early  settlers  on 
the  plains  dug  “cyclone”  cellars  in 
which  to  retreat  when  one  appeared. 

How  the  weatherman  works. 
At  regular  hours  trained  observers 
read  instruments  at  weather  stations 
scattered  from  the  arctic  to  the 
tropics.  Their  reports  are  tele¬ 
graphed  and  sent  by  radio  to  central 
cities.  Robot  stations  unattended  by 
men  send  in  reports  of  instrument 
readings  automatically.  Ships  and 
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airplanes  send  in  reports.  Pilot  bal¬ 
loons  with  instruments,  but  without 
men,  go  to  greater  altitudes  than 
planes,  sometimes  up  to  fifteen 
miles.  These  balloons  are  filled  with 
hydrogen.  As  the  balloons  rise,  the 
hydrogen  expands  with  reduced  air 
pressure  until  the  balloons  burst. 
Then  the  instruments  float  to  earth  on 
parachutes.  The  readings  of  the  in¬ 
struments  are  transmitted  automati¬ 
cally  by  radio  as  the  balloons  ascend 
and  are  received  at  the  ground  sta¬ 
tions.  The  outfit  of  instruments,  or 
more  strictly,  the  record  is  called 
a  radiosonde .  When  radiosondes 
cannot  be  used,  as  in  battle  zones, 
airplanes  go  aloft  to  make  weather 
observations. 

The  weather  data  reported  in¬ 
clude:  air  pressure,  temperature,  hu¬ 
midity,  wind  direction  and  velocity, 
quantity  of  snow  or  rain,  kind  and 
amount  of  clouds,  ceiling  for  flying, 
condition  of  weather  visibility. 

From  the  data  the  weatherman 
can  recognize  the  air  masses  and 
their  movements,  the  formation  and 
movements  of  cyclones  and  their  dy¬ 
ing  out,  the  fronts  where  cyclones 
will  form,  the  location  of  rain  and 
snow,  and  the  rate  and  direction  of 
movement  of  storms.  He  can  forecast 
the  weather  at  the  ground  level  and 
at  every  level  at  which  the  planes 
will  fly.  The  data  are  placed  on 
weather  maps  for  publication. 

( 1 )  Philip  Gendreau,  (2)  (3)  Ewing  Galloway,  N.Y. 

A  pilot  balloon  to  measure  air  cur¬ 
rents,  a  sunshine  recorder,  and  a  rain 
gauge 


Weather  maps  for  two  successive  days.  Note  that  the  isobars,  or  lines  showing 
the  same  barometric  readings,  are  marked  in  millibars  at  one  end  and  inches 
of  mercury  at  the  other.  Thus  on  the  May  2  chart,  the  isobar  in  the  upper 
left  corner  shows  a  pressure  of  29.86  inches  or  1011  millibars.  Note  the  move¬ 
ment  of  the  fronts,  and  the  shifts  of  lows  and  highs  with  their  relation  to 
the  weather. 
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The  earth’s  scheme  of  climate. 

Great  belts  of  high  and  low  pressure 
divide  the  earth  into  climatic  belts. 
The  hot  equatorial  regions  form  a 
low-pressure  belt  around  the  globe. 
From  each  side  wind  blows  in  as  the 
northeast  and  southeast  trades.  This 
incoming  wind  raises  the  hot  air  of 
the  equatorial  belt.  As  it  rises,  it  cools 
and  produces  abundant  rain.  The 
equatorial  low  forms  a  belt  of  fitful 
winds  and  calms  which  the  sailors 
called  the  “doldrums.”  High  aloft 
the  rising  air  moves  north  and  south 
toward  the  poles  until  it  cools  suf¬ 
ficiently  to  descend  in  another  belt 
of  calms  at  about  30°  north  and  south 
latitude.  These  calms  are  the  “horse 
latitudes,”  so  named,  it  is  said,  be¬ 
cause  ships  carrying  horses  to  Aus¬ 
tralia  were  becalmed  there  so  long 


At  left,  the  rainfall  of  North  Amer¬ 
ica.  State  the  reasons  for  the  wet  re¬ 
gions  and  the  dry  regions.  Above, 
wind  belts  of  the  world 

that  the  horses  died  and  were  thrown 
overboard.  Beyond  the  horse  lati¬ 
tudes  are  the  belts  of  westerly  winds, 
“the  prevailing  westerlies,”  with 
their  cyclonic  storms  that  make  our 
weather. 

How  continents  modify  cli¬ 
mate.  The  winds  and  calms  do  not 
have  it  all  their  own  way  in  making 
climate.  Seas  are  slow  to  heat  and 
cool  so  that  they  modify  the  climate 
of  the  land  within  their  influence.  The 
interiors  of  continents  are  hotter  in 
summer  and  colder  in  winter  than 
the  coasts.  The  coldest  spot  on  earth 
is  not  at  the  North  Pole  but  in  the  in¬ 
terior  of  Siberia.  The  average  winter 
temperature  of  the  Arctic  is  about 
40°  F.  below  zero,  while  the  “cold 
pole”  in  Siberia  is  60°  F.  below  zero. 
The  climates  of  western  Europe  and 
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western  America  are  much  tempered 
by  the  prevailing  west  winds  from 
the  oceans. 

Mountains,  also,  upset  the  world 
climatic  scheme.  The  Cascades  and 
the  Sierras  force  the  wind  from  the 
western  oceans  to  drop  their  moisture 
on  the  west  side  by  chilling  the  as¬ 
cending  winds.  East  of  the  mountain 
crests  the  air  descends  and  is 
warmed.  Therefore,  east  of  the 
mountains  are  regions  of  dry  lands. 

Land  and  sea  breezes.  Perhaps 
along  the  sea  or  lake  shore  you  have 
noticed  that  by  day  there  is  generally 
a  breeze  from  the  sea — a  sea  breeze. 
Then  about  sundown  there  is  often  a 
calm.  After  that  the  breeze  sets  in 
from  land  toward  the  sea — a  land 
breeze. 

When  the  sun  shines  on  land  and 
water,  the  land  warms  up  faster  than 
water.  When  the  sun  sets,  the  land 
cools  off  again  faster  than  the  water. 
Water  is  slow  to  gain  heat  and  slow 
to  lose  it.  The  warmer  surface  makes 
the  air  above  it  warmer  and  there¬ 
fore  lighter.  As  long  as  the  land  is 
warmer,  the  cooler  air  above  the  sea 
flows  in  and  displaces  the  warmer 
land  air,  thus  forming  a  sea  breeze. 
As  long  as  the  air  above  the  land  is 
cooler,  the  cool  land  air  flows  out  and 
displaces  the  air  above  the  sea,  thus 
forming  a  land  breeze. 

Changing  climates.  Have  you 
heard  your  elders  tell  of  the  cold 
winters  we  used  to  have?  After  we 
make  allowances  for  the  poor  heat¬ 
ing  arrangements  they  had  in  their 
homes  and  the  tricks  memory  may 


play  them,  there  may  still  be  some¬ 
thing  to  their  stories.  Perhaps  they  re¬ 
member  some  very  cold  winters  and 
forget  the  milder  ones.  For  weather 
runs  in  cycles.  For  a  period  of  years 
the  seasons  increase  in  severity  and 
then  moderate  for  another  period. 
Besides  the  records  of  the  weather 
bureaus,  we  have  much  older  records 
of  such  changes.  The  rings  of  growth 
in  tree  trunks  (see  page  325)  show 
how  much  growth  is  made  in  a  sea¬ 
son.  Tree  trunks  in  Europe  and 
America  show  series  of  better  grow¬ 
ing  years  alternating  with  periods  of 
poorer  years.  Some  of  these  periods 
seem  to  be  influenced  by  the  periods 
of  sun  spots  (see  pages  515,  530). 

There  are  longer  periods,  too,  in 
which  the  climate  varies.  The  ruins 
of  cities  dot  the  deserts  of  Asia  where 
now  no  city  could  exist.  There  are  ir¬ 
rigation  works  where  now  there  is  no 
water.  Caesar’s  army,  according  to 
the  records,  found  a  wetter,  colder 
climate  in  France  than  the  French 
live  in  today. 

If  we  go  back  to  earlier  ages  in 
the  earth’s  history,  there  is  evidence 
of  still  greater  changes.  An  ice  age 
covered  northern  Europe  and  Amer¬ 
ica.  Still  earlier  warm-country  trees 
grew  in  Greenland.  Coal  in  the 
antarctic,  where  now  is  the  bleakest 
land  on  the  globe,  tells  of  a  climate 
warm  enough  to  support  dense  vege¬ 
tation.  There  are  records  in  the  rocks 
of  earlier  iee  ages  alternating  with 
periods  of  mild  and  even  hot  cli¬ 
mates.  Earth’s  climates  change  as  do 
the  continents  and  oceans.  All  on 
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earth  is  change.  Even  the  positions  of 
the  North  Pole  and  Equator  seem  to 
change. 

What  climate  does  to  us.  The 

progressive  nations  of  earth  live  in 
regions  of  varying  storms  and  sun¬ 
shine.  The  changing  weather  stimu¬ 
lates  human  brains  and  muscles. 
When  we  have  monotonous  weather 
for  several  days,  the  work  done  in 
factories  and  in  schools  is  poorer 
until  a  change  comes.  In  climates 
where  there  is  no  change,  progress 
lags.  Some  climates  are  too  good  to 
our  bodies;  they  furnish  food  and 
shelter  too  easily.  Other  regions  are 
too  severe,  exhausting  all  human  en¬ 
ergies  just  to  find  food  and  shelter. 
Between  the  extremes  lies  the  ideal 
climate  where  farms  yield  surplus 
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and  the  varying  seasons  and  varying 
weather  stimulate  man  to  labor  and 
invent. 

Experiment  164 

Question:  How  can  I  determine  the 
relative  humidity  of  the  air  in  the  class¬ 
room,  using  a  hygrometer  (wet-  and 
dry-bulb  thermometers)  ? 

Materials:  A  hygrometer. 

Theory:  Read  the  two  thermometers 
and  determine  from  the  table  the  rela¬ 
tive  humidity  of  the  room.  Optional. 
A  committee  from  the  class  will  find  the 
relative  humidity  every  day  for  a  week, 
or  longer,  as  directed  by  the  teacher. 
From  their  results  plot  a  graph  for  your 
notebook. 

Diagram:  Draw  a  hygrometer. 

Conclusion:  Answer  the  problem. 

Practical  application:  What  practical 
value  is  there  to  your  results?  See  the 
weather  map. 


TABLE  SHOWING  RELATIVE  HUMIDITY 

Difference  Between  Dry-  and  Wet-Bulb  Thermometers 


Dry  Ther¬ 
mometer,  °F. 

1° 

2° 

3° 

4° 

5° 

6° 

50 

93 

87 

81 

74 

68 

62 

52 

94 

88 

81 

75 

69 

63 

54 

94 

88 

82 

76 

70 

65 

56 

94 

88 

82 

77 

71 

66 

58 

94 

89 

83 

77 

72 

67 

60 

94 

89 

84 

78 

73 

68 

62 

94 

89 

84 

79 

74 

69 

64 

95 

90 

85 

79 

75 

70 

66 

95 

90 

85 

80 

76 

71 

68 

95 

90 

85 

81 

76 

72 

70 

95 

90 

86 

81 

77 

72 

72 

95 

91 

86 

82 

78 

73 

74 

95 

91 

86 

82 

78 

74 

76 

96 

91 

87 

83 

78 

74 

78 

96 

91 

87 

83 

79 

75 

80 

96 

91 

87 

83 

79 

76 

84 

96 

92 

88 

84 

80 

77 

88 

96 

92 

88 

85 

81 

78 

90 

96 

92 

89 

85 

82 

78 

7° 

8° 

9° 

o 

o 

rH 

11° 

12° 

13° 

14° 
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DAILY  WEATHER  RECORD 


Date 

Air 

Pressure 

(Barometer) 

Temperature 

(Thermometer) 

Humidity  (Hygrometer) 

Wind 

Direction 

(Weather 

Vane) 

Weather 
(Use  Map 
Symbols) 

Wet- 

Bulb 

Dry- 

Bulb 

Relative 

Humidity 

Experiment  165 

This  record  should  be  started  about 
one  month  before  the  topic  of  weather 
is  taken  up.  You  can  read  the  instru¬ 
ments  even  though  you  may  not  un¬ 
derstand  the  principles  upon  which 
these  instruments  depend.  You  will 
learn  the  principles  later  when  you 
study  the  weather. 

In  addition  to  this  record,  you 
would  do  well  to  start  a  collection  of 
clippings,  pictures,  and  weather  maps. 

Experiment  166 

Question:  How  is  rain  produced? 

Materials:  Large  beaker;  alcohol; 
asbestos  mat;  cardboard;  piece  of  glass 
to  fit  top  of  beaker. 

Directions:  Pour  a  little  alcohol  in 
the  beaker  and  cover  with  the  card¬ 
board.  Heat  alcohol  gently  for  a  few 
minutes.  Remove  lamp.  Replace  card¬ 
board  with  cold  glass.  1.  What  ap¬ 
peared  inside  the  beaker  as  soon  as 
the  glass  was  put  on?  2.  After  a  short 
time,  what  did  you  notice  on  the  sur¬ 
face  of  the  alcohol?  This  is  a  rain  of 
alcohol  instead  of  a  rain  of  water. 

Conclusion:  1.  What  causes  rain?  2. 
Why  doesn’t  it  always  rain  when  we 
see  clouds?  3.  Why  are  raindrops  some¬ 
times  large  and  sometimes  small? 

Caution:  The  vapor  of  alcohol  read¬ 
ily  catches  fire.  There  is  a  safe  way  to 


heat  the  alcohol.  Heat  a  pan  of  water  to 
the  boiling  point.  Turn  out  the  flame 
and  set  the  beaker  of  alcohol  in  the 
boiling  water.  Alcohol  boils  at  a  lower 
temperature  than  water,  and  you  can 
watch  it  boil  in  safety  in  the  pan  of 
water. 

Experiment  167 

Question:  How  to  read  the  weather 
map  and  make  predictions. 

Materials:  Daily  United  States  weather 
maps  covering  a  period  of  a  week  or 
more;  an  outline  map  of  the  United 
States. 

Directions:  1.  Examine  the  map  to 
learn  how  the  weather  facts  are  indicated. 
If  you  have  no  other  maps,  use  those  on 
page  494. 

(a)  By  what  department  of  the 

government  was  this  weather 
map  issued? 

( b )  What  are  the  date  and  the  time 

of  day? 

(c)  How  are  cloudy  weather,  partly 

cloudy,  clear  weather,  rain 
and  snow  indicated? 

( d )  How  are  cold  fronts,  warm 

fronts,  stationary  fronts  in¬ 
dicated?  An  occluded  front 
is  a  warm,  light  air  front 
lifted  off  the  ground  by  a 
cold,  heavy  air  front  moving 
under  it.  How  is  an  occluded 
front  indicated? 


CONDITIONS  GOVERNING  WEATHER 


(e)  Wind  direction  is  indicated  by 
arrows.  The  words  in  the  ar¬ 
rows  describe  the  weather. 

(/)  Curved  lines  are  isobars.  They 
connect  stations  reporting 
the  same  barometric  pres¬ 
sure.  The  figure  at  one  end 
of  the  line  indicates  the 
pressure  in  inches,  and  that 
at  the  other  line  in  millibars. 
High  and  low  areas  are  so 
labeled.  Read  the  pressure  in 
inches  and  millibars  at  each 
such  area  shown. 

(g)  Temperature  in  degrees  Fah¬ 
renheit  is  written  in  figures 
at  several  places  on  the  map. 

2.  Now  study  the  map  for  May  2. 

(а)  Name  the  states  in  which  are 

highs  and  those  in  which  are 
lows. 

(б)  Look  at  the  low  in  the  north¬ 

west.  What  was  the  direction 
of  the  wind  in  Idaho?  What 
kind  of  weather?  What  was 
the  temperature  in  near-by 
Montana?  What  was  the 
weather  in  Montana? 

3.  Look  at  the  same  low  on  May  3. 
It  has  moved  eastward  to  North  Dakota 
and  nearby  regions  of  Canada. 

(a)  Has  the  pressure  changed? 

( b )  What  kind  of  weather  is  indi¬ 

cated  in  Canada  just  north 
of  Minnesota?  What  was 
the  temperature?  wind  di¬ 
rection  ? 

(c)  What  kind  of  weather  is  indi¬ 

cated  just  west  of  the  low  in 
western  North  Dakota?  How 
is  the  wind? 

(d)  Notice  the  warm  front  and  the 

cold  front  in  the  Dakotas 
and  westward.  Notice  the  oc¬ 
cluded  front  through  North 
Dakota  and  Canada.  This 
was  the  center  of  the  cy¬ 
clone. 

4.  Locate  on  May  2  the  low  in  Michi¬ 
gan. 
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(a)  How  was  the  wind  blowing  on 

each  side  of  this  low?  in 
Wisconsin?  in  Missouri?  in 
Florida?  in  New  England? 
Compare  with  the  diagram 
on  page  491. 

( b )  On  which  side  of  this  cyclone 

was  fair  weather?  on  which 
side  clouds  and  rain? 

( c)  Locate  the  cold  front  associated 

with  this  low. 

5.  Notice  on  May  3  the  low  in  Michi¬ 
gan.  The  low  has  not  moved  much  in  the 
past  24  hours. 

(a)  Where  is  the  cold  front?  In 

what  direction  does  it  move? 

( b )  On  May  3  follow  this  cold  front 

up  to  Maine  and  eastern 
Canada.  What  pressure  is 
indicated  there?  Read  the 
pressure  in  inches  on  May  3 
and  on  May  2. 

6.  On  May  2  locate  the  high  in  Wyo¬ 
ming  and  that  in  Texas. 

(a)  What  kind  of  weather  to  the 

eastward  of  these  areas? 

( b )  On  May  2  notice  the  high  in 

Colorado  between  these  two 
areas.  What  kind  of  weather 
comes  with  a  high? 

7.  Find  the  answers  to  these  questions. 

(a)  If  a  low  is  shown  on  the  map 

to  west  of  you,  what  kind  of 
weather  do  you  expect? 

(b)  If  a  high  appears  to  westward 

or  northwestward,  what  kind 
of  weather  do  you  expect? 
(Of  course,  you  must  re¬ 
member  that  conditions  in 
the  air  change  and  some¬ 
times  the  path  of  a  storm 
changes.) 

(c)  If  the  map  shows  a  cold  front 

to  westward,  do  you  expect 
it  to  come  to  you  or  go  the 
other  way? 

8.  Study  the  weather  maps  for  a  week 
or  more.  On  the  outline  map  of  the  United 
States  plot  paths  of  highs  and  lows  for  a 
week  or  more. 


WHAT  DETERMINES  WEATHER 


508 

Experiment  168  (Optional) 
Question:  How  does  expansion  affect 
the  temperature  of  air?  Hold  a  ther¬ 
mometer  at  the  valve  opening  as  you 
release  the  air  from  a  tire.  How  does 
the  temperature  of  the  expanding  air 
from  the  tire  compare  with  the  air? 

Experiment  169  (Optional) 
Question:  How  can  I  form  a  cloud? 
Wet  a  flask  inside,  close  it  with  a  stop¬ 
per,  place  it  under  a  bell  jar  of  an 
air  pump  and  exhaust  the  air.  As  the 


cork  blows  out,  note  the  cloud  in  the 
flask.  How  do  you  explain  the  cloud? 

Experiment  170  (Optional) 
Question:  How  would  you  show  that 
heated  air  is  lighter  than  cool  air?  Bal¬ 
ance  two  unstoppered  “empty”  flasks 
suspended  from  a  meter  stick.  Heat  one 
of  the  flasks  gently  with  a  Bunsen  bur¬ 
ner.  The  air  inside  expands  as  it  heats 
and  overflows  from  the  neck  of  the 
flask.  What  then  happens  to  the  two 
flasks? 


Additional  Questions  to  Think  Out 


1.  Why  does  the  sun  lose  heating 
power  in  the  late  afternoon?  Why  is  it 
usually  cooler  at  8  A.M.  than  at  4  P.M.? 

2.  Why  is  the  south  slope  of  a  hill 
warmer  than  level  land  in  the  spring? 

3.  Why  is  it  that  in  the  warm  days 
of  spring  the  ocean  is  often  cool  for  a 
bath,  and  in  the  cool  days  of  autumn 
it  is  often  warm? 

4.  Why  do  lakes  and  oceans  warm 
more  slowly  than  land?  You  will  find 
a  suggestion  in  the  section  How  Water 
Heats,  page  168.  For  further  explana¬ 
tion  consult  a  textbook  on  physics. 

5.  Why  are  mountains  cool  in 
summer?  why  is  the  seashore? 

6.  Why  are  the  Banks  of  New¬ 
foundland  foggy? 

7.  Why  is  the  air  clear  after  a  cy¬ 
clonic  storm? 

8.  Sometimes  you  see  upper  clouds 
drifting  to  the  east  and  lower  clouds  to 
the  west  at  the  same  time.  Explain. 

9.  Why  are  thunderstorms  more 
common  in  the  afternoon? 

10.  Why  does  a  thunderstorm  cool 
the  air? 

11.  There  are  four  principal  kinds 
of  clouds.  Watch  the  sky  until  you  dis¬ 
tinguish  and  describe  them.  Note  down 
the  kind  of  weather  that  is  associated 
with  each.  Look  up  their  names  in  a 
book  on  weather  (meteorology). 


12.  Is  snow  frozen  rain? 

13.  What  makes  a  desert? 

14.  Why  do  deserts  get  cold  at  night? 

15.  Mountain  climbers  often  blacken 
their  faces  to  prevent  sunburn.  Why 
does  the  sun  burn  more  fiercely  in  the 
high,  cold  mountain? 

16.  If  the  mountains  along  the  west 
coast  of  North  America  disappeared, 
how  would  it  affect  the  interior  climate? 

17.  In  the  dry  lands  of  the  West  the 
traveler  goes  up  the  mountain  to  search 
for  water.  In  the  Appalachians  the 
mountaineer  descends.  Explain. 

18.  Why  do  morning  fogs  usually 
disappear  as  the  sun  climbs? 

19.  When  you  sleep  under  the  open 
sky,  you  may  find  in  the  morning  that 
your  hair  and  shoes  are  wet  with  dew 
but  your  face  is  dry.  Explain. 

20.  A  night  without  dew  is  a  “sign” 
of  rain.  Why?  Watch  to  see  if  the  sign 
is  dependable. 

21.  Why  is  there  more  danger  from 
frost  on  a  clear  than  on  a  cloudy  night? 

22.  Write  down  on  your  weather 
record  the  days  when  you  feel  full  of 
life,  when  work  goes  easily,  and  the 
days  when  work  is  irksome.  Is  there 
any  connection  between  work  and 
weather?  After  you  have  investigated 
for  yourself,  consult  the  books  of  Ells¬ 
worth  Huntington  to  see  what  he  found. 


Unit  Sixteen 

Our  Place  in  the  Sky 

The  ancients  knew  the  first  day  of  spring  as 
our  astronomers  know  it.  They  built  temples  to 
mark  that  one  day  of  the  year  by  allowing  the 
rising  sun  to  look  down  an  aisle  of  columns  or 
to  peek  for  a  few  minutes  into  a  dark  chamber 
where  the  rays  of  the  rising  sun  could  penetrate 
at  no  other  time  in  the  year.  They  commemo¬ 
rated  with  festivals  the  return  of  the  sun  after 
its  journey  to  the  southern  sky.  They  knew  that 
the  good  things  of  the  earth  come  from  the  sun. 
They  looked  upon  the  sun  as  a  god ,  and  attrib¬ 
uted  its  benefits  to  his  good  will.  Knowledge  of 
natural  bodies  and  natural  forces  has  grown 
since  those  days,  and  now  we  seek  the  explana¬ 
tion  in  laws  of  energy. 

Now  we  shall  study  man  amid  the  vast  chang¬ 
ing  universe.  The  same  forms  of  energy  that 
we  have  studied  produce  the  changes  on  the 
earth,  the  sun,  and  the  stars.  Do  ive  expect  man 
to  control  the  stars?  Hardly;  but  he  makes  use 
of  the  stars.  They  are  part  of  his  environment, 
distant  but  valuable.  The  scientist  studies  those 
distant  parts  of  the  universe  and  controls  to 
some  extent  the  energy  that  comes  from  them. 
We  can  measure  in  part  their  influence  upon  us. 
Let  us  plunge  into  that  study  that  has  fascinated 
man  since  the  days  of  the  ancient  priests  and  is 
proving  more  astounding  the  more  we  learn. 


Black  Star 


Chapter  Sixty-three 

Exploring  the  Sky 


What  is  in  the  sky.  When  shep¬ 
herds  kept  watch  over  their  flocks  by 
night,  they  had  time  and  opportunity 
to  study  the  stars.  The  citizens  of  an¬ 
cient  cities,  unblinded  by  the  glare  of 
electric  lights,  saw  the  beauty  of  the 
heavens.  From  those  ancient  gazers 
upon  the  night  skies  have  come  down 
to  us  the  names  of  stars  and  of  con¬ 
stellations,  or  groups  of  stars.  With 
a  star  map  like  that  on  the  facing 
page  spread  before  you  on  a  clear 
night,  you  can  trace  the  constellations 
named  by  the  ancient  watchers  of  the 
skies  in  Babylon  and  Athens. 

Find  the  North  Star  (Polaris),  the 
star  that  guided  the  ancient  mariner, 
the  desert  traveler,  and  the  runaway 
slave  in  our  own  country.  Experi¬ 
ment  175  and  its  accompanying  dia¬ 
gram  tell  how  to  find  it.  Trace  out  the 
Big  Dipper  or  Great  Bear  (Ursa 
Major),  the  Little  Dipper  (Ursa 
Minor),  the  Twins  (Gemini),  the 
Seven  Sleepers  (Pleiades),  the  Bull 
(Taurus),  Orion,  the  mighty  hunter 
who  threatens  the  Bull  with  his  club, 
and  other  constellations  about  which 
the  ancients  told  their  myths. 

The  ancients  saw,  as  you  may  see, 
that  most  of  the  brilliant,  starlike  ob¬ 
jects  in  the  heavens  keep  their  rela¬ 
tive  positions  unchanged,  but  that  a 
few  move  slowly  among  the  fixed 
ones  as  you  watch  them  from  night  to 
night.  These  are  the  planets  (wander¬ 


ers).  One  of  these  wanderers  is  the 
earth.  If  you  could  stand  on  another 
planet,  say  Jupiter  or  Mars,  you 
would  see  the  earth  as  a  starlike  ob¬ 
ject  advancing  across  the  skies  as  we 
see  other  planets. 

Moons  revolve  around  some  of  the 
planets,  but  without  a  telescope  the 
only  moon  we  can  see  is  our  own. 
The  planets  with  their  moons  revolve 
around  the  sun.  The  sun  and  the  bod¬ 
ies  that  revolve  around  it  make  up 
the  solar  system.  The  sun  blinds  us 
by  day  to  all  the  other  heavenly  bod¬ 
ies,  but  at  night,  when  we  are  hidden 
from  the  sun  by  the  earth,  we  can  see 
the  splendor  of  the  vast  multitude. 

On  almost  any  clear  night,  espe¬ 
cially  in  August  and  November,  you 
may  see  “shooting  stars,”  or  meteors, 
which  suddenly  appear,  streak 
swiftly  a  short  distance  across  the 
sky,  and  are  gone.  At  intervals  of 
years  a  comet  comes  into  view,  and 
from  night  to  night  advances  across 
the  sky,  sometimes  with  a  thin  “tail” 
stretching  away.  The  astronomer 
with  his  telescope  sees  many  comets 
too  small  or  too  far  away  to  be  seen 
with  the  unaided  eye,  some  so  faint 
that  they  appear  only  in  photographs 
taken  through  the  telescope. 

Objects  of  several  other  kinds  can 
be  made  out  by  the  searching  eye  of 
the  astronomer.  He  sees  distant  shin¬ 
ing  mists  which  he  calls  nebulae.  A 
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■4  WEST 


EAST* 


DECEMBER. 


4  EAST 


South 


WEST  ► 


#  *  o  •  SYMBOLS  FOR  STARS  IN  ORDER  OF  BRIGHTNESS 

On  a  clear  night  trace  the  constellations  by  these  maps 


few  nebulae,  faint  and  uncertain, 
can  be  seen  with  the  naked  eye.  But 
the  astronomer  reckons  them  in  mil¬ 
lions.  Some  of  them  are  so  vast  in 
size  that  the  earth  would  be  lost  in 
them  like  a  dust  spot  in  the  sky. 

At  certain  places  in  the  sky  there 
are  mysterious  blacknesses  among 


the  stars  and  nebulae.  One  such  black 
patch  in  the  Milky  Way  near  the  con¬ 
stellation  of  the  Southern  Cross  is 
called  the  Coal  Sack ,  a  picture  of 
which  appears  on  page  524.  The 
astronomers  interpret  the  black 
areas  as  masses  of  dark  material  that 
shut  out  the  light  of  stars  beyond. 


An  astronomer  looks  through  the  eye 
piece  of  the  huge  telescope  at  Mount 
Wilson  Observatory 


And  where  are  these  bodies,  some 
of  them  measured  in  millions  of 
miles  in  diameter?  in  the  sky?  But 
what  is  the  sky?  The  only  answer 
that  we  can  give  at  present  is  that  it 
is  space ,  a  great  void  or  emptiness 
stretching  away  in  every  direction. 
At  vast  distances  here  and  there 
through  this  great,  cold,  dark  empti¬ 
ness  are  brilliant  hot  bodies  and 
fiery  mists — the  stars,  comets,  and 
nebulae.  There  may  be  millions  of 
bodies  unlighted,  and,  therefore,  un¬ 
known,  and  others  too  far  away  to  be 
seen. 

In  the  chapters  which  follow  you 
may  learn  something  of  the  fascinat¬ 
ing  study  of  astronomy.  You  may 
learn  a  little  of  all  the  bodies  that 
have  just  been  mentioned,  of  what 
they  are,  of  how  they  act,  and  what 


makes  them  act  as  they  do.  You  may 
see  how  the  astronomer  tries  to  solve 
the  problems  of  his  science.  You  may 
see  some  ways  in  which  the  distant 
bodies  affect  our  lives.  It  is  to  be 
hoped  that  there  will  remain  other 
questions  in  your  mind  not  answered 
in  this  book,  for  science  is  still  seek¬ 
ing  answers,  and  it  is  the  search  for 
answers  that  makes  science  alluring. 

How  astronomy  grew.  It  was 
natural  for  the  men  of  the  ancient 
world  to  think  that  the  earth  was  the 
center  of  the  universe.  The  sun, 
moon,  and  stars  seemed  to  move  over 
the  earth.  Some  of  the  explanations 
made  by  the  ancients  seem  childish 
to  us,  but  they  were  made  in  the 
childhood  days  of  our  civilization. 
To  the  Greeks  the  sun  was  the  chariot 
of  the  sun  god  who  drove  across  the 
heavens  once  a  day.  Some  of  the  an¬ 
cient  thinkers,  however,  taught  that 
the  earth  moved  around  the  sun. 
That  view  was  not  approved  by  their 
great  philosopher  Aristotle  (384- 
322  b.c.  ) .  All  through  the  Dark  Ages 
men  continued  to  believe  that  the 
earth  was  the  center  and  the  most  im¬ 
portant  part  of  the  universe.  To  teach 
differently  was  dangerous.  As  late  as 
1600  Giordano  Bruno  was  burned  at 
the  stake  for  thinking  “there  are  end¬ 
less  particular  worlds  similar  to  the 
earth.” 

In  1543  Copernicus,  a  Polish 
churchman,  published  an  astronomy 
showing  the  sun  as  a  center  with  the 
earth  and  other  planets  moving 
around  it.  A  Danish  astronomer, 
Tycho  Brahe  (1546-1601)  spent  a 
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lifetime  making  accurate  observa¬ 
tions  of  the  positions  of  heavenly 
bodies,  and  from  these  observations 
Johannes  Kepler  (1571-1630),  a 
German  mathematician,  drew  up 
laws  showing  how  the  planets  moved 
around  the  sun.  Still  the  world 
doubted.  It  was  much  easier  and 
far  safer  to  repeat  what  men  had 
been  saying  since  the  days  of  Aris¬ 
totle. 

But  a  new  day  had  dawned  in  sci¬ 
ence.  Men  turned  to  nature  instead 
of  to  books,  and  forced  nature 
through  experiments  to  answer 
their  questions.  Modern  science  was 
bom  then.  Galilei  (1564-1642),  an 
Italian  astronomer  commonly  called 
by  his  Christian  name  Galileo , 
proved  that  a  statement  that  had 
come  down  from  Aristotle,  that 
heavy  bodies  fell  faster  than  light 
bodies,  was  untrue.  Galileo  dropped 
light  bodies  and  heavy  bodies  from 
the  leaning  tower  of  Pisa,  and 
showed  that  they  reached  the  ground 
in  the  same  time.  In  1608,  Lipper- 
shey,  a  Flemish  spectacle  maker, 
discovered  that  two  lenses  placed  in 
a  tube  brought  distant  objects  close 
to  view,  and  so  made  the  first  tele¬ 
scope.  Two  years  later  Galileo 
turned  on  the  sky  a  telescope  made 
with  his  own  hands  and  proved  that 
Copernicus  was  right  in  saying  that 
the  earth  and  other  planets  moved 
around  the  sun.  Then  modem  as¬ 
tronomy  was  under  way.  Galileo  saw 
that  the  Milky  Way  was  made  of 
stars.  He  saw  for  the  first  time  the 
mountains  on  the  moon  and  the 
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Projector  at  the  Chicago  Planeta¬ 
rium  throws  imitation  stars  on  the 
inside  of  a  dark  dome 


shadows  that  they  cast  on  the  plains 
of  the  moon.  He  saw  four  moons  re¬ 
volving  around  the  planet  Jupiter, 
and,  as  Copernicus  had  predicted, 
saw  the  face  of  the  planet  Venus  in¬ 
crease  in  size  and  diminish  again  as 
the  moon  does  in  its  change  of 
phases.  I 

Astronomy  has  made  a  long  jour¬ 
ney  from  the  watchful  shepherd  on 
the  Asian  hills  to  the  modern  as¬ 
tronomer  at  the  100-inch  telescope 
on  Mount  Wilson,  California.  And 
the  end  is  not  yet.  A  200-inch  tele¬ 
scope  is  being  constructed.  New 
worlds  as  yet  unknown  will  come 
into  view  when  it  is  in  operation  on 
Palomar  Mountain,  California.  In¬ 
struments  of  other  kinds  help  out  the 
astronomer.  The  photographic  plate, 
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Armand  Spitz,  Fels  Planetarium 


These  constellations  appear  over  Miami,  looking  west  (see  frontispiece) 


for  example,  is  more  sensitive  than 
the  eye  and  has  revealed  much  that 
we  know  of  the  heavens  that  the  eye 
could  not  see.  The  spectroscope  tells 
what  stars  are  made  of,  and  how  fast 
they  travel  and  in  what  direction,  and 
makes  possible  the  calculation  of 
their  sizes  and  weights. 

The  spectroscope  breaks  up  the 
light  as  a  simple  glass  prism  or 
chandelier  glass  breaks  up  the  sun¬ 
light  into  the  colors  of  the  rainbow. 
It  spreads  these  colors  out  in  a  band, 
each  color  always  in  the  same  posi¬ 
tion.  Such  a  band  is  a  spectrum  (page 
236).  Each  element,  when  heated 
till  it  glows,  gives  off  its  own  pe¬ 
culiar  colors  arranged  in  definite 
order.  Its  spectrum  is  its  color  map. 
By  the  spectrum  the  astronomer 


learns  the  elements  in  the  stars  and 
nebulae.  By  the  spectroscope  a  gas 
was  discovered  on  the  sun  before  it 
was  discovered  on  the  earth.  This  gas 
now  fills  the  great  dirigibles  and  the 
“blimps.”  It  is  the  sun  gas  helium 
(helios,  the  sun). 


A  spectroscope.  A  lens  in  tube  c 
makes  the  rays  of  light  parallel  be¬ 
fore  they  strike  prism  b.  The  spec¬ 
trum  is  viewed  through  telescope  d. 
The  image  of  a  scale  in  tube  a  is  re¬ 
flected  into  the  telescope,  e.  The  cap 


Chapter  Sixty-four 

Governed  by  the  Sun 


The  sun.  The  sun  is  hot — ter¬ 
rifically  hot,  far  hotter  than  anything 
that  we  can  imagine.  It  is  about 
7000°  C.  on  the  surface  and  about 
40,000,000°  C.  in  the  center.  We 
have  no  idea  how  hot  that  is,  but  we 
might  try  to  make  our  imaginations 
stagger  by  seeing  what  that  much 
heat  would  do.  Suppose  that  we  had 
a  column  of  ice  two  miles  in  diam¬ 
eter  stretching  from  here  to  the  sun, 
93,000,000  miles.  If  the  heat  of  the 
sun  could  be  concentrated  on  it,  the 
ice  would  melt  in  one  second  and  dis¬ 
appear  in  vapor  in  eight  seconds.  Sir 
James  Jeans,  the  English  astrono- 

Sun  spots  are  large  whirlpools  of  gases 
escaping  to  the  surface.  Sun  promin¬ 
ences,  here  80,000  miles  high,  are 
tongues  of  gas,  heated  to  brilliancy 

Cook  Observatory,  Mt.  Wilson  Observatory 


mer,  tries  to  give  an  idea  of  the  sun’s 
heat  as  follows:  A  coin  the  size  of  a 
quarter  dollar  heated  to  the  tempera¬ 
ture  of  the  interior  of  the  sun  would 
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shrivel  up  every  living  thing  within 
a  thousand  miles  by  its  heat. 

The  sun  is  so  hot  that  it  is  all  gas. 
Even  iron  on  the  sun  is  gaseous.  The 
spectroscope  reveals  also  the  gases 
of  silver,  platinum,  lead,  and  other 
heavy  metals.  Light  gases  are  there, 
too — helium  and  hydrogen,  the 
lightest  substance  known.  Of  the  ele¬ 
ments  that  we  have  on  earth,  over  half 
have  been  found  on  the  sun.  All  the 
others  may  be  there  buried  deep  in 
the  interior  where  we  cannot  see  their 
light.  The  sun  seems  to  be  made  of 
the  same  elements  as  the  earth,  but 
they  are  all  so  hot  that  they  are  gases. 

If  one  looks  at  the  sun  through  a 
smoked  glass,  the  surface  looks  calm 
and  motionless,  but  through  the  in¬ 
struments  of  the  astronomer,  its  sur¬ 
face  appears  like  a  seething,  boiling 
mass,  shooting  fiery  tongues  and 
clouds  of  gases  hundreds  of  thou¬ 
sands  of  miles  above  its  surface.  At 
total  eclipse  we  can  see  these  fiery 
tongues,  called  prominences ,  like 
brilliant  red  flames  shooting  up  from 
the  edge  of  the  sun.  They  are  com¬ 
posed  largely  of  hydrogen  gas,  not 
burning  but  heated  to  intense  bril¬ 
liance. 

Great  whirlpools  of  gases  on  the 
surface  of  the  sun  mark  where  hot 
gases  are  seething  upward  to  the  sur¬ 
face.  We  call  these  whirlpools  sun 
spots .  We  can  often  see  them  by  look¬ 
ing  at  the  sun  through  heavily 
smoked  glass.  They  look  like  black 
spots  because  the  gases  spread  out 
when  they  come  to  the  surface  and 
their  expansion  cools  them  a  little. 


They  are,  however,  much  hotter  and 
more  brilliant  than  anything  that  we 
know  on  earth.  Some  sun  spots  are 
of  such  size  that  the  earth  would  drop 
into  one  like  a  baseball  into  a  bucket. 
The  sun  spots  come  and  go,  lasting 
from  several  days  to  several  months. 

The  sun  is  of  immense  size  com¬ 
pared  with  the  earth.  It  is  866,000 
miles  in  diameter;  the  earth  is  8000. 
Over  a  million  earths  could  be 
packed  inside  the  sun  (seepage  517). 
This  great  ball  of  gases  is  turning 
around  on  its  axis  as  the  earth  does, 
but  it  takes  25  of  our  days  to  make  a 
turn.  Because  of  its  immense  size  and 
the  vast  amount  of  matter  in  the  sun, 
things  on  its  surface  would  weigh 
much  more  than  on  the  earth.  A  stone 
that  weighs  10  pounds  on  the  earth 
would  weigh  280  pounds  on  the  sun, 
and  a  baseball  would  be  so  heavy 
that  a  pitcher  could  never  put  it  over 
the  plate.  A  100-pound  boy  would 
weigh  over  a  ton,  and  he  would  be 
crushed  to  death  by  his  own  weight. 
This  does  not  mean  that  there  would 
be  any  more  matter  in  the  boy’s  body, 
but  that  the  sun  has  28  times  as  much 
pull  as  the  earth.  Weight  is  a  meas¬ 
ure  of  the  pull  of  gravity. 

The  sun’s  family.  Moving 
around  the  sun  in  the  same  direction 
as  the  sun  spins  on  its  axis  but  mil¬ 
lions  of  miles  away  are  the  planets, 
globes  of  gases,  liquids,  and  rocks. 
The  earth  is  one  of  the  planets.  We 
can  see  the  largest  and  closest  of 
them  with  the  naked  eye,  but  some 
are  so  small  or  so  far  away  that  a 
telescope  is  needed.  The  planets  have 
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SUN 


I- -MERCURY.  36.000.&OIX 
KlYENUS,  67.000.000 
OEARTH,  93.000.000 
MARS.  141,000.000 


<>  JUPITER.  483.000.000 


'  SATURN.  866.000,000 


URANUS.  1.782.000.000 

Mean 

Distance 

FROM  THE 

Sun  in 

Diameter 

Sun  . 

Millions 
of  Miles 

864,390 

Mercury 

. . .  36.0 

3,030 

Venus  . . . 

. . .  67.2 

7,600 

Earth  . . . 

92.9 

7,918 

Mars 

141.5 

4,200 

Planetoids 

. .  200-300 

20-300 

Jupiter  . . 

483.3 

87,000 

NEPTUNE.  2.791.000.000  JTatUrn  *  * 

886.1 

72, ’000 

Uranus  . . 

. . .  1,782.8 

31,000 

Neptune  . 

. . .  2,793.5 

33,000 

Pluto  ... 

. . .  3,800 

4,000  ( 

Moon  . . . . 

. .  238,840* 

2,160 

*  Distance  from  earth  in  miles. 


Period  of 
Rotation 
on  Axis 


88  d. 

23  hr.  56  m. 

24  hr.  37  m. 

9  hr.  53  m. 

10  hr.  14-38  m. 
10.7  hr. 

15 hr.  (?) 

(?) 

27  d.  7  hr.  43  m. 


Period  of 
Revolution 
Around 
the  Sun 


87.9  d. 
224.7  d. 
365.25  d. 

I. 88  yr. 
3-7  yr. 

II. 86  yr. 
29.46  yr. 
84.02  yr. 
164.78  yr. 
249.17  yr. 

27.7  hr.  43  m. 
around  earth 


At  the  left  are  shown  the  distances  of  the  planets  from  the 
sun.  Letting  one  inch  equal  a  million  miles,  draw  a  line  rep¬ 
resenting  the  distance  to  Pluto.  Watch  this.  You  may  need  to 
,  PLUTO.  3.800  ooo.ooo  (?)  use  the  sidewalk  as  a  blackboard 


no  light  of  their  own  but  shine  by  the 
reflected  light  of  the  sun.  The  dia¬ 
grams  on  this  page  show  their  names 
and  positions. 

Why  the  planets  revolve.  Why 
do  the  planets  go  round  and  round 
the  sun  through  the  endless  ages? 
For  the  present  let  us  not  try  to  ex¬ 
plain  how  they  started,  but  only  why 


the  planets  do  not  wander  off  in 
space  and  lose  themselves. 

If  anything  starts  moving,  any¬ 
where  on  the  earth  or  out  in  space, 
it  tends  to  keep  on  moving.  That 
tendency  to  keep  on  going  is  what 
makes  the  crash  when  an  automobile 
hits  a  pole  or  a  meteor  hits  the  earth. 
On  the  earth  something  always  gets 
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in  the  way  of  a  moving  object;  if 
nothing  else,  the  surface  of  the  earth 
stops  it.  A  ball  rolled  across  a  level 
field  is  stopped  by  friction  with  the 
surface  of  the  field.  Beyond  the 
earth’s  atmosphere  there  is  no  fric¬ 
tion,  nothing  to  rub  against.  You 
might  think  that  anything  once 
started  out  in  space  would  just  keep 
on  going  forever,  unless,  of  course, 
it  hit  a  heavenly  body.  Nothing  gets 
in  the  way  to  stop  the  planets.  Indeed 
they  are  millions  of  miles  from  any¬ 
thing  except  small  meteors  such  as 
occasionally  hit  the  earth. 

Now  why  do  they  not  wander 
away?  This  secret  was  discovered  by 
the  English  scientist  and  mathema¬ 
tician  Sir  Isaac  Newton  (1642- 
1727),  about  the  beginning  of  the 
eighteenth  century.  According  to  tra¬ 
dition  the  idea  came  to  him  when  he 
saw  an  apple  fall  to  the  ground  in 
his  garden.  The  secret  is  that  every 
body  in  the  universe  attracts  every 
other  body.  Ordinarily  we  see  only 
the  attraction  of  the  earth  for  smaller 
bodies  on  its  surface.  But  by  deli¬ 
cate  experiments  scientists  have 
measured  the  attraction  of  other 
bodies  for  one  another.  This  attrac¬ 
tion  is  called  gravitation.  From  his 
observations  Newton  formulated  his 
laws  of  gravitation.  The  attraction, 
he  found,  depends  upon  the  amount 
of  matter  in  the  bodies  and  the  dis¬ 
tance  between  them. 

The  reason  why  the  planets  do  not 
shoot  off  in  a  straight  line  out  into 
space  is  that  the  gravitation  of  the 
sun  holds  them.  The  pull  of  the  sun 


is  not  strong  enough  to  draw  them 
straight  into  the  sun  because  of  their 
tendency  to  keep  going  on  their  way. 
As  a  sort  of  compromise  between  the 
tendency  to  go  straight  and  the  tend¬ 
ency  to  fall  into  the  sun,  they  keep 
in  courses  around  the  sun. 

The  way  around  the  sun.  The 
astronomers  measure  and  plot  the 
courses  of  the  planets  around  the 
sun,  their  orbits .  The  position  of  the 
planets  at  any  hour  for  a  million 
years  can  be  found.  This  under¬ 
standing  of  the  orbits  has  enabled 
astronomers  to  discover  two  new 
planets  that  the  ancients  never  saw. 

A  hundred  years  ago  the  planet 
Uranus  was  believed  to  be  the  farth¬ 
est  from  the  sun.  But  its  observed 
orbit  did  not  exactly  agree  with  the 
orbit  that  had  been  calculated  for  it. 
The  astronomers  Adams,  an  English¬ 
man,  and  Leverrier,  a  Frenchman, 
calculated  independently  that  a 
planet  outside  and  in  a  certain  posi¬ 
tion  would  have  gravitational  pull 
enough  to  draw  Uranus  into  its  ob¬ 
served  position.  Then  Leverrier 
wrote  to  a  German  astronomer 
named  Galle,  telling  him  to  turn  his 
telescope  to  a  definite  position  in  the 
sky.  There  the  new  planet  Neptune 
was  found. 

Still  Uranus  did  not  go  where  it 
was  expected.  Lowell,  at  the  observa¬ 
tory  at  Flagstaff,  Arizona,  calculated 
the  position  for  still  another  planet 
farther  outside.  After  Lowell’s  death 
and  after  several  years  of  search,  it 
was  found  in  1930  in  photographs  of 
the  regions  of  the  sky  where  Lowell 


Globe 


THe  rough  and  mountainous  surface  of  the  moon,  showing  craters 


had  predicted.  This  planet  was 
named  Pluto. 

Moons,  Around  all  but  the  smal¬ 
ler  planets  revolve  other  bodies,  their 
satellites  or  moons.  Jupiter  has 
eleven  moons  and  Saturn  has  nine. 
Uranus,  the  next  planet  in  size,  has 
five.  Saturn,  in  addition  to  its  nine 
moons,  has  three  rings  moving 
around  it.  The  rings  are  made  up  of 
a  vast  number  of  tiny  moons.  These 
tiny  moons  have  not  been  seen,  but 
the  way  the  rings  move  shows  the  as¬ 
tronomer  that  they  are  made  of 
small  bodies.  Mars  has  two  moons. 

Our  moon  is  our  nearest  neighbor. 
It  is  only  about  240,000  miles  away. 
It  is  rather  a  small  neighbor,  only 
2,163  miles  in  diameter,  about  the 
distance  from  New  York  to  Spokane, 
Washington.  Because  of  its  small 
size,  the  force  of  gravity  on  its  sur¬ 


face  is  small.  A  man  weighing  180 
pounds  on  earth  would  weigh 
only  30  pounds  on  the  moon,  and  an 
athlete  could  jump  25  to  30  feet 
straight  up. 

The  moon  is  a  cold,  dead  neigh¬ 
bor.  Nothing  lives  there.  It  has  no 
air.  Its  temperature  also  would  pro¬ 
hibit  life.  In  the  moon’s  daytime  its 
surface  temperature  is  212°  F.,  the 
temperature  of  boiling  water.  At 
night  it  drops  to  220°  F.  below  zero. 
This  great  change  of  temperature  is 
due  to  the  fact  that  there  is  no  air  to 
reduce  the  blaze  of  the  sun  by  day 
and  retain  the  heat  by  night. 

The  moon  revolves  around  the 
earth  in  27^  of  our  days.  It  rotates 
on  its  axis  also  in  27^  of  our  days, 
keeping  the  same  face  always  toward 
the  earth.  No  man  has  seen  the  other 
side  of  the  moon. 
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Yerkes  Observatory 

A  comet.  In  the  long  exposure  necessary,  the  motion  of  the  earth  carries  the 
camera  under  the  stars,  producing  the  small  streaks 


O 

The  phases  of  the  moon.  The  outer 
figures  show  the  face  of  the  moon. 
The  inner  figures  show  the  position 
of  the  moon  at  each  phase 

Because  the  moon  moves  in  an  or¬ 
bit  around  the  earth,  the  visible  face 
changes  from  new  moon  to  full  moon 
and  back  again.  These  changes  are 


the  phases  of  the  moon  (Experiment 
172  and  figure  at  left). 

At  certain  times  the  moon  gets  di¬ 
rectly  between  us  and  the  sun  and 
we  have  an  eclipse  of  the  sun  (see 
Experiment  173).  At  other  times  it 
moves  into  the  earth’s  shadow,  and 
we  have  an  eclipse  of  the  moon. 

Comets  and  meteors.  Comets 
are  often  many  times  as  big  as 
planets.  They  are  composed  chiefly 
of  thin  matter,  gas,  but  in  addition 
they  may  have  solid  matter  in  small 
pieces.  Some  of  them  have  been  de¬ 
scribed  as  traveling  gravel  banks. 
Their  tails,  when  they  have  tails,  are 
so  thin  that  the  waves  of  the  sun’s 
radiant  energy  keep  them  pointed 
away  from  the  sun.  From  calculation 
of  their  orbits,  astronomers  conclude 
that  some  are  members  of  the  sun’s 
family  but  rather  wayward  members, 
circulating  in  orbits  very  different 
from  those  of  the  planets.  Some 
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Stages  of  a  partial  solar  eclipse.  The 
luminous  halo,  visible  only  during  a 
total  eclipse,  right,  is  the  corona  or 
outer  envelope  of  the  sun.  Diagram  of 
a  solar  eclipse 


comets  return  regularly.  Halley’s 
comet  appears  every  75  years,  and 
Encke’s  comet  appears  every  3 
years. 

A  swarm  of  meteors  in  May  fol¬ 
lows  the  orbit  of  Halley’s  comet. 
Other  swarms  also  are  known  that 
travel  comet  paths.  Swarms  may  be 
fragments  of  broken  comets,  or  some 
comets  may  be  swarms  of  meteoric 
materials.  Single  meteors  may  be 
lone  wanderers  from  space. 

Meteors  are  generally  small  ob¬ 
jects,  perhaps  the  size  of  walnuts. 
We  do  not  see  them  until  they  have 
entered  the  earth’s  atmosphere.  They 
take  fire  as  they  tear  through  the  air 
at  terrific  speed.  They  usually  burn 
up  before  striking  the  ground.  Occa¬ 
sionally  one  strikes  before  it  is  en¬ 
tirely  burned  up.  These  fallen  me¬ 
teors  are  called  meteorites.  They  are 
usually  of  stone  and  iron,  with  a  lit¬ 
tle  nickel.  In  Arizona  is  a  great  hole 
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A  large  meteorite  (820  pounds), 
composed  largely  of  iron 


in  the  ground  like  the  crater  of  a  vol¬ 
cano  that  is  supposed  to  have  been 
made  by  the  fall  of  a  gigantic  meteor 
in  prehistoric  times.  In  1908  a  huge 
meteor  fell  in  the  wilderness  of  Si¬ 
beria.  A  party  of  scientists  a  few 
years  later  found  the  forest  for  10 
miles  around  leveled  as  if  by  a 
scorching  wind. 

Experiment  171 

Question:  How  to  make  a  model  of 
the  solar  system. 

Materials:  A  globe  a  foot  in  diameter 
to  represent  the  sun ;  a  ruler  divided  into 
sixteenths  of  an  inch;  a  tape  measure 
of  25  or  50  feet;  some  clay. 

Directions  and  observations :  1.  Using 
the  table  on  page  509,  make  balls  of 
clay,  representing  the  planets  and  the 
moon.  Let  inch  represent  1,000 
miles.  2.  Place  the  sun  at  one  end  of  the 
playground.  Then  place  the  planets  in 
their  proper  positions  letting  ^  inch 
represent  1,000,000  miles.  3.  The  near¬ 
est  star  is  25,000,000,000,000  miles  from 
the  earth.  How  far  from  the  globe  in 
your  school  yard  would  you  need  to 
place  this  star? 


Experiment  172 

Question:  Why  does  the  moon’s  face 
change? 


Materials:  A  candle  to  represent  the 
sun;  a  white  ball  to  represent  the  moon. 

Directions  and  observations:  Set  up 
the  light  to  represent  the  sun.  Your  head 
represents  the  earth.  Hold  the  ball  out 
at  arm’s  length  and  rotate  your  body 
(turn  around)  so  that  the  ball  represent¬ 
ing  the  moon  makes  a  circle  around  you. 
The  circle  is  the  revolution  of  the  moon 
around  the  earth. 

Now  darken  the  room.  Hold  the  ball 
out  at  arm’s  length  on  the  side  of  your 
head  opposite  the  light  and  just  high 
enough  to  avoid  the  shadow  of  your 
head.  The  moon  and  the  sun  are  now  on 
opposite  sides  of  the  earth.  How  much 
of  the  moon’s  face  is  lighted?  Draw  a 
picture  of  this  face.  This  is  the  full 
moon. 

Move  the  moon  £  of  its  journey 
around  the  earth  (your  head) .  Draw  a 
picture  of  the  lighted  portion  of  its  face. 
This  is  a  crescent  phase. 

Move  the  moon  another  J  of  its  jour¬ 
ney.  This  is  first  quarter  of  the  moon. 
Draw  its  lighted  face.  Continue  moving 
i  of  a  revolution  until  the  journey  is 
complete. 

When  the  moon  is  between  the  earth 
and  the  sun,  it  is  new  moon.  How  much 
of  its  face  can  be  seen  from  the  earth? 
Three  fourths  of  the  way  around  is  last 
quarter. 

Make  a  diagram  of  the  position  of  the 
three  bodies  in  each  phase.  Mark  the 
phases  from  new  to  full,  waxing  (grow¬ 
ing)  ,  and  those  from  full  to  new,  wan¬ 
ing  (diminishing). 

Practical  applications:  Where  does 
the  moon  get  its  light?  If  you  exam¬ 
ined  the  moon’s  light  with  a  spectro¬ 
scope,  what  spectrum  would  you  expect 
to  find? 

The  planet  Venus  also  shows  phases. 
Demonstrate  the  phases  of  Venus  as  you 
did  for  the  moon.  Remember  that  Venus 
revolves  in  its  own  orbit  around  the 
sun. 
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What  other  planet  shows  phases  as 
seen  from  the  earth?  Which  could  not? 

Would  the  moons  of  Jupiter  show 
phases  to  an  observer  on  Jupiter? 

Experiment  173 

Question:  What  causes  the  eclipses  of 
moon  and  sun? 

Materials:  Small  white  ball  to  repre¬ 
sent  the  moon;  larger  ball  to  represent 
the  earth;  a  flashlight  to  represent  the 
sun;  two  supports  with  clamps. 

Directions  and  observations:  Set  up 
the  apparatus  similar  to  the  arrange¬ 
ment  in  the  figure  on  page  513.  Darken 
the  room.  1.  Pass  the  moon  suspended 
on  a  string  between  the  earth  and  the 
sun  so  that  the  moon’s  shadow  falls  on 
the  earth.  What  body  disappears  from 
view  (is  eclipsed)  as  seen  from  the 
earth?  What  is  the  shape  of  the  moon’s 
shadow  as  it  moves  across  the  earth?  2. 
Pass  the  moon  on  the  side  of  the  earth 
opposite  the  sun  so  that  the  moon  goes 
completely  into  the  shadow  of  the  earth. 
What  body  is  eclipsed  when  the  earth  is 
between  the  moon  and  the  sun?  3.  Pass 
the  moon  through  the  earth’s  shadow  so 
that  the  moon  is  partially  eclipsed. 

Diagrams:  Draw  the  apparatus  in 
each  position.  Draw  pictures  of  the  sun’s 
face  during  the  solar  eclipse  (1)  when 
the  eclipse  has  just  started,  (2)  when  the 
moon  is  halfway  across,  (3)  at  total 
eclipse,  (4)  when  the  moon  is  three 
quarters  of  its  way  across,  (5)  when  it 
is  just  leaving  the  sun’s  disk. 

Conclusion:  1.  What  causes  an  eclipse 
of  the  sun?  2.  What  causes  an  eclipse 
of  the  moon?  3.  What  causes  a  partial 
eclipse? 

Practical  applications :  At  what  phase 
of  the  moon  does  an  eclipse  of  the  sun 
occur?  eclipse  of  the  moon? 

Why  can  you  not  see  an  eclipse  of  the 
sun  at  night? 

The  passage  of  Venus  across  the  face 
of  the  sun  is  called  the  transit  of  Venus. 


Demonstrate  and  draw  a  diagram  of  the 
transit  of  Venus.  The  transit  corresponds 
to  what  eclipse? 

As  viewed  from  the  earth,  which  other 
planet  could  have  a  transit  across  the 
sun  similar  to  that  of  Venus?  which 
could  not? 

To  see  a  transit  of  the  earth  across  the 
sun  where  would  an  observer  have  to 
be? 

Suppose  the  moon  were  twice  as  far 
away  from  the  earth  as  it  is.  Could  there 
be  a  total  eclipse  of  the  sun?  See  Ex¬ 
periment  174. 

In  an  eclipse  of  the  moon,  what 
shape  is  the  earth’s  shadow?  What  does 
that  show  concerning  the  shape  of  the 
earth? 

If  the  moon  revolved  around  the  earth 
on  exactly  the  same  plane  as  the  earth 
revolves  around  the  sun,  how  many 
eclipses  of  the  sun  would  there  be  each 
year? 

Experiment  174  (Optional) 

Question:  How  may  I  demonstrate  an 
annular  eclipse? 

At  a  total  eclipse  of  the  sun  the  moon 
is  just  the  right  distance  from  the  earth 
to  hide  the  sun  completely.  At  some 
eclipses  the  moon  is  farther  away.  What, 
then,  is  the  appearance  of  the  sun  during 
eclipse? 

Proceed  as  follows :  Set  up  the  sun  sev¬ 
eral  feet  away.  Take  a  marble  or  a  small 
ball,  smaller  than  the  diameter  of  the 
flashlight,  to  represent  the  moon.  Your 
eye  will  represent  the  observer  on  earth. 

Hold  the  marble  on  the  level  of  the 
eye  and  light  at  such  distance  from  the 
eye  that  the  marble  just  shuts  out  the 
sun.  What  kind  of  eclipse  is  that? 

Now  hold  the  marble  farther  away  so 
that  it  does  not  hide  the  sun.  Move  it 
just  in  front  of  the  center  of  the  sun’s 
disk.  Draw  a  picture  of  the  sun  at  this 
eclipse.  It  is  called  an  annular  eclipse 
(annulus,  little  ring). 


Ewing  Galloway,  N.Y, 


A  part  of  the  Milky  Way.  The  dark  part  (center  right)  is  the  Coal  Sack 
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Beyond  the  Sun 


How  many  stars?  How  many 
stars  can  you  see  on  a  cloudless 
night?  Millions  and  millions  of 
them?  No,  not  at  all.  The  best  you 
could  do  with  the  naked  eye  on  a 
cloudless  and  moonless  night,  away 
from  city  lights,  would  be  consider¬ 
ably  less  than  3000.  These  stars  are 
named  and  charted  by  the  astrono¬ 
mers.  The  great  100-inch  telescope 
at  Mt.  Wilson,  California,  reveals 
about  1500  million  stars.  Many  that 
are  too  faint  to  be  seen  with  the  hu¬ 
man  eye,  even  through  the  giant  tele¬ 
scope,  are  photographed.  Even  so, 
it  is  certain  that  we  know  only  a  small 
part  of  the  stars.  Astronomers  have 
estimated  between  50,000,000,000 
and  100,000,000,000  in  our  part  of 
the  sky. 

What  are  the  stars?  The  stars 
are  suns,  or  better  the  sun  is  a  star. 
To  a  person  away  off  in  space,  the 
sun  would  appear  as  the  stars  do  to 
us.  Many  stars  are  about  the  size  and 
brightness  of  our  sun.  One  little  fel¬ 
low  is  about  the  size  of  the  earth  but 
much  heavier  and  hotter.  A  few  are 
much  larger  than  our  sun.  Betel- 
geuse,  the  big  star  in  the  constella¬ 
tion  of  Orion,  is  so  big  that  if  our 
sun  were  placed  in  the  center  of  the 
star,  the  earth  would  have  room  to 
travel  around  its  orbit  inside  the  star. 

Like  the  sun,  the  other  stars  are 
hot  balls  of  gas,  boiling  and  seething 


in  their  fierce  heat.  They  give  off 
light  because  they  are  so  hot.  We 
know  the  stars  by  their  light.  Their 
light  enables  the  astronomer  to  cal¬ 
culate  their  sizes,  temperatures,  and 
weights.  Their  light  shows  that  they 
are  made  of  the  same  elements  as  the 
sun  and  earth,  although  in  different 
proportions. 

No  planets  can  be  seen  revolving 
around  any  of  the  stars.  They  are 
much  too  far  away  for  any  planets 
to  be  seen,  if  any  are  present.  As¬ 
tronomers  have  shown  that  it  is  prob¬ 
able  that  very,  very  few  of  the  stars 
have  planets. 

The  Milky  Way.  On  a  cloudless, 
moonless  night,  in  a  place  where 
lights  on  the  earth  do  not  interfere, 
you  can  see  a  cloudlike  band  stretch¬ 
ing  across  the  sky.  Part  of  the  way  it 
is  divided  into  two  clouds  somewhat 
parallel.  This  is  the  Milky  Way,  or 
Galaxy .  It  is  composed  of  stars  so 
numerous,  faint,  and  far  away  that 
their  light  blends  into  a  luminous 
cloud. 

Our  sun,  with  its  planets,  belongs 
to  the  Galaxy.  It  is  our  little  part  of 
the  stupendous  stretches  of  celestial 
space,  our  little  corner  of  the  sky. 
The  stars  that  we  see  on  a  nighttime 
stroll  in  the  country  or  a  row  on  the 
lake  all  lie  in  this  Galaxy.  There  are 
millons  upon  millions  more  stars  in 
the  Galaxy,  too  faint  for  the  naked 
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eye.  In  fact,  the  Galaxy  appears  like 
a  luminous  band,  the  Milky  Way, 
only  because  of  the  vast  number  of 
stars  that  lie,  not  scattered  indiscrim¬ 
inately,  but  in  a  group.  The  whole 
group  is  shaped  like  a  disk  or  watch. 
Our  sun  and  its  planets  lie  in  the 
midst  of  the  Galaxy.  The  brightness 
of  the  Milky  Way  is  due  to  our  look¬ 
ing  out  through  the  great  breadth  of 
the  group,  so  that  the  stars  appear 
closer  together  than  when  we  look  at 
right  angles  to  the  plane  of  the  disk. 

How  far  to  the  stars.  Try  to 
picture  in  your  mind  the  vastness  of 
our  Galaxy.  Our  sun  is  93,000,000 
miles  from  us.  An  airplane  traveling 
250  miles  an  hour  in  nonstop  flight 
would  take  42-J  years  to  reach  the 
sun.  To  reach  the  nearest  star,  about 
25  thousand  billion  miles  away,  the 
airplane  would  take  over  a  billion 
years. 

When  we  talk  in  these  figures, 
miles  mean  little.  A  billion  miles  is 
beyond  our  mental  grasp.  Instead  of 
miles  we  measure  celestial  distances 
in  light  years.  A  light  year  is  the  dis¬ 
tance  that  light  travels  in  a  year.  In 
one  second  light  travels  186,000 
miles.  Light  comes  to  us  from  the  sun 
in  about  8i  minutes.  In  a  year  it 
travels  5,880  billion  miles.  The  near¬ 
est  star  is  4.3  light  years  away.  The 
North  Star  is  about  400  light  years 
away,  and  Betelgeuse,  the  giant  star 
you  may  easily  find  in  the  constella¬ 
tion  of  Orion,  is  273  light  years 
away.  When  you  look  up  at  the  North 
Star  at  night,  you  are  seeing  light 
that  left  the  star  400  years  ago  and 


is  just  getting  to  you.  The  astrono¬ 
mers  know  of  stars  in  our  Galaxy  that 
are  30,000  light  years  away.  The 
light  that  is  received  in  the  telescope 
from  these  stars  left  the  stars  30,000 
years  ago  and  has  been  traveling 
ever  since.  The  disk  of  our  Galaxy 
may  be  100,000  light  years  in  di¬ 
ameter,  although  some  astronomers 
estimate  much  less  and  some  double 
the  estimate. 

Island  universes.  Remember 
that  the  stars  we  see,  except  through 
the  greatest  telescope,  are  all  in  our 
own  Galaxy.  Beyond  our  Galaxy  is 
space,  empty  space,  for  millions  of 
light  years,  but  then,  at  that  long  in¬ 
terval,  millions  of  light  years  away, 
are  other  galaxies.  The  nearest  of 
these  outer  galaxies  is  850,000  light 
years  away.  The  farthest  that  we 
know  of  are  140,000,000  light  years 
away.  There  are  probably  millions 
of  galaxies  beyond  the  reach  of  our 
telescopes.  Each  galaxy  is  a  great 
gathering  of  stars  separated  by 
stretches  of  space  as  immense  as  those 
which  separate  the  stars  of  our  own. 

These  galaxies  are  so  far  away 
that  they  appear,  so  far  as  we  can 
see  them  at  all,  as  faint,  shining 
clouds  or  mists.  Even  in  the  100-inch 
telescope  the  individual  stars  in  the 
galaxies  can  be  seen  in  only  a  few. 
Some  are  too  far  away  to  show  the 
stars,  and  some  may  be  composed 
not  of  stars  but  of  glowing  gas.  These 
distant  galaxies  are  often  called 
nebulae.  (The  term  nebulae  is  also 
used  for  luminous  mists  within  our 
own  Galaxy.) 


Black  Star 

A  spiral  nebula.  Curved  arms,  such  as  that  at  the  top,  mark  the  spiral  nebulae 
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A  model  of  the  universe.  To 

gain  some  faint  idea  of  the  immensity 
of  the  universe,  Jeans,  the  English 
astronomer,  proposes  the  following 
model:  Represent  the  orbit  of  the 
earth  about  the  sun  by  a  pinhead. 
The  sun  is  a  microscopic  bit  of  dust 
in  the  center  of  the  pinhead.  The 
earth  is  a  second  bit  of  dust  a  mil¬ 
lionth  part  of  the  volume  of  the  first. 
This  second  bit  is  traveling  around 


the  circumference  of  the  pinhead.  To 
put  into  the  model,  in  the  proper 
scale,  the  40,000,000,000  stars  of 
our  Galaxy,  we  need  an  area  the  size 
of  North  America.  To  put  in  the 
“island  universes,”  the  distant  gal¬ 
axies  that  the  astronomer  can  actu¬ 
ally  see,  we  should  need  to  extend 
the  edge  of  the  model  4,000,000 
miles,  14  times  as  far  away  as  the 
moon. 
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Jeans  compares  the  number  of 
stars  to  the  number  of  specks  of  dust 
in  London.  The  sun  would  be  a  single 
dust  speck,  and  the  earth  a  speck 
only  one  millionth  as  large. 

Now  let  us  ask  a  question  that  we 
shall  not  attempt  to  answer.  How  im¬ 
portant  is  man  in  the  universe? 
Physically,  the  human  race  occupies 
a  small  part  of  the  surface  of  a  mi¬ 
croscopic  dust  spot.  But  let  us  re¬ 
member  that  man  has  been  able 
through  the  genius  of  Copernicus, 
Galileo,  Newton,  Einstein,  and 
others  to  explore  the  mighty  uni¬ 
verse  and  to  understand  something 
of  its  structure  and  its  laws. 

Experiment  175 

Question:  How  can  I  locate  the  posi¬ 
tion  of  the  North  Star  (Polaris)  ? 

Materials:  A  compass;  the  sky  at 
night;  a  star  map. 

Directions:  (a)  On  a  clear  night  look 
to  the  north  and  locate  the  Great  Dipper 
in  the  constellation  of  the  Great  Bear 
(Ursa  Major).  (See  page  503  and  fig¬ 
ure  below.)  You  can  easily  recognize 
this  group  of  stars.  The  stars  composing 
it  are  bright,  and  their  arrangement 
makes  them  easily  found. 


The  Dipper  and  the  North  Star.  A 
and  B  are  the  pointers 


(6)  When  you  have  found  the  Great 
Dipper,  in  imagination  draw  a  line 
through  the  two  stars  that  form  the  outer 
end  of  the  bowl.  These  two  stars  are 
called  the  Pointers.  This  name  is  given 
to  them  because  they  point  almost  to¬ 
ward  Polaris.  Your  imaginary  line  if 
continued  will  almost  pass  through  Po¬ 
laris,  which  will  be  found  at  a  distance 
from  the  Pointers  about  five  times  as 
great  as  the  distance  between  them. 

(c)  Polaris  is  part  of  the  constella¬ 
tion  named  the  Little  Bear  (Ursa 
Minor) .  It  is  at  the  end  of  the  handle  of 
the  Little  Dipper.  The  position  of  all 
these  stars  is  shown  on  page  511. 

Diagram:  Show  the  Great  and  Little 
Dippers,  the  Pointers,  and  Polaris. 

Conclusion:  Answer  the  question. 

Experiment  176  (Optional) 

Question:  How  can  I  learn  the  cause 
of  the  daily  motion  of  the  stars? 

Materials:  Umbrella,  globe,  star  map, 
paper,  mucilage,  scissors. 

Direcions:  Open  the  umbrella.  Cut 
out  small  disks  of  paper  to  represent 
stars.  These  are  to  be  pasted  to  the  un¬ 
der  side  of  the  umbrella.  Paste  one  of 
these  as  near  as  possible  to  the  point 
where  the  rod  passes  through  the  cloth 
covering  of  the  umbrella.  This  repre¬ 
sents  the  North  Star.  Using  a  star  map 
to  guide  you,  paste  the  other  disks  of  pa¬ 
per  so  as  to  represent  the  other  stars  in 
their  relative  positions  with  respect  to 
each  other.  Remove  the  handle  from  the 
rod  of  the  umbrella.  Insert  the  rod 
through  the  globe  so  that  the  globe  can 
rotate  on  the  rod  as  an  axis.  Replace  the 
handle. 

(a)  Hold  the  globe  motionless  while 
you  rotate  the  umbrella.  This  represents 
the  way  the  stars  seem  to  move  from 
hour  to  hour  (called  the  apparent  mo¬ 
tion  of  the  stars) . 

( b )  Hold  the  umbrella  motionless 
while  you  rotate  the  globe.  As  the  globe 
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rotates,  imagine  yourself  standing  on  it 
and  at  the  same  time  watching  the  stars. 

(c)  On  the  next  clear  night,  locate 
the  North  Star  and  a  few  other  bright 
stars.  Observe  the  position  of  these 
stars  at  hourly  intervals. 

Observations:  (a)  When  you  rotate  the 
umbrella:  1.  Which  star  does  not  move? 
2.  In  what  kind  of  path  do  the  others 
move?  3.  Compare  the  path  made  by  a 
star  near  the  North  Star  with  one  at  a 
greater  distance  from  the  North  Star. 

( b )  When  you  rotate  the  globe:  4. 
How  do  the  stars  appear  to  move?  5. 
How  long  does  it  take  each  star  to  get 
back  to  its  original  position?  6.  Com¬ 
pare  the  movements  in  (a)  with  the  ap¬ 
parent  movements  in  (b). 

(c)  When  you  have  watched  the  stars 
at  night:  7.  Compare  your  observations 
with  those  in  (a).  8.  Are  the  hourly 
movements  of  the  stars  real  or  appar¬ 
ent?  9.  Which  star  does  not  appear  to 
move?  Why  is  this  true?  10.  What 
causes  the  other  stars  to  appear  to 
move? 

Practical  application:  What  use  can 
be  made  of  a  star  that  does  not  move? 
Why  are  the  stars  not  visible  at  all  hours 
of  the  day? 

Note:  Although  the  nightly  rising 
and  setting  of  the  stars  is  due  to  appar¬ 
ent,  not  real,  motion,  the  stars  do  really 
move.  We  cannot  see  this  real  motion, 
however,  because  the  stars  are  so  far 
away  from  us.  See  page  534. 

Experiment  177  (Optional) 

Question:  How  can  I  learn  the  cause 
of  the  yearly  motion  of  the  stars? 


Materials:  A  candle  and  a  dark  room 
in  addition  to  the  materials  used  in  the 
previous  experiment. 

Directions:  Using  the  apparatus  of 
the  last  experiment  in  a  dark  room,  light 
the  candle  and  place  it  a  short  distance 
from  the  constellation  umbrella,  where 
it  will  illuminate  the  globe.  Remember 
that  you  cannot  see  the  stars  when  you 
are  on  those  portions  of  the  earth  that 
are  illuminated. 

(а)  Rotate  the  globe  on  the  umbrella 
handle  so  that  the  city  in  which  you  live 
is  in  darkness.  Which  constellations  can 
be  seen  from  your  city? 

(б)  Revolve  the  globe  halfway 
around  the  candle,  that  is,  carry  it 
around  to  the  other  side  of  the  candle. 
Be  careful  not  to  rotate  the  umbrella 
around  its  handle.  The  new  position  rep¬ 
resents  the  earth  half  a  year  later  than 
(a).  Again  rotate  the  globe  so  that  your 
city  is  in  darkness.  Again  be  careful  not 
to  rotate  the  umbrella.  Which  constella¬ 
tions  can  be  seen  from  your  city  now 
that  were  invisible  in  (a)  ?  Which  stars 
can  be  seen  now  that  were  also  visible 
in  (o) ? 

Conclusion:  Are  the  yearly  movements 
of  the  stars  real  or  apparent?  What 
causes  the  yearly  movement  of  the  stars? 

Practical  application:  Which  are  the 
winter  constellations?  spring?  sum¬ 
mer?  autumn?  In  which  portions  of  the 
earth  are  the  constellations  that  you  can 
see  invisible? 

Note:  The  stars  do  not  revolve  with 
the  earth  around  the  sun  as  this  experi¬ 
ment  may  seem  to  indicate.  However, 
the  stars  are  so  far  away  that  the  effect 
produced  is  the  same  as  if  they  did. 


Chapter  Sixty-six 

How  the  Heavens  Influence  Us 


Influences  from  afar.  Without 

energy  from  space  we  could  not  live. 
The  radiant  energy  from  the  sun 
makes  plants  grow.  Plants  feed  ani¬ 
mals  and  men.  Sun  energy  is  the  en¬ 
ergy  of  life.  It  is  also  the  energy  that 
runs  our  trains  and  factories,  for  coal 
is  the  energy  of  the  sun  stored  in 
plants  of  ages  long  past.  Petroleum, 
too,  it  seems,  is  the  remains  of  life 
long  gone.  The  winds  and  currents 
are  also  the  result  of  the  sun’s  ac¬ 
tivity.  In  brief,  the  sun’s  energy  sup¬ 
plies  our  bodily  and  industrial  life. 

Energy  that  is  not  light  also  comes 
to  us  and  affects  our  lives.  When  sun 
spots  are  unusually  active,  our  mag¬ 
netic  compasses  and  radios  are  af¬ 
fected,  and  the  aurora,  or  northern 
lights,  is  brilliant.  There  is  a  mag¬ 
netic  storm.  Periods  of  sun-spot  ac¬ 
tivity  coming  every  eleven  years  are 
connected  with  changes  of  climate  on 
the  earth;  stormy  years  come  in  cy¬ 
cles  that  correspond  with  great  sun¬ 
spot  storms  on  the  sun. 

Even  the  outermost  stars  and  ne¬ 
bulae  are  sending  energy  to  us.  By 
their  energy  alone  we  know  them, 
chiefly  by  the  energy  of  their  light. 
When  the  scientist  spreads  the  light 
of  these  bodies  out  in  its  spectrum, 
he  can  measure  the  energy  of  each 
band  of  light.  Beyond  the  red  rays  at 
one  end  of  the  spectrum  are  other 
rays  that  we  cannot  see  but  can  meas¬ 


ure.  They  are  called  the  infra-red 
rays.  Beyond  the  violet  are  the  ultra¬ 
violet  that  seem  to  have  great  power 
to  tan  our  skins  and  to  prevent  the 
wasting  disease  called  rickets. 

In  the  last  few  years  scientists  have 
been  actively  studying  rays  that 
seem  to  come  to  us  from  the  depths 
of  space,  the  cosmic  rays.  They  seem 
to  start  either  from  the  space  between 
the  stars  or  from  the  stars  themselves. 
Some  scientists  interpret  them  as  en¬ 
ergy  that  is  released  when  matter  is 
made  or  when  a  new  element  is 
formed  from  others.  How  the  cosmic 
rays  affect  living  things  we  do  not 
know. 

Gravitation,  also,  of  heavenly 
bodies  has  effects  upon  the  earth. 
We  have  seen  how  it  keeps  the  earth 
from  wandering  away  and  freezing 
in  the  depths  of  space.  The  tides  that 
sweep  our  bays  and  coastal  rivers 
regulating  bathing  hours,  fishing, 
and  often  the  passage  of  ships  are 
due  to  the  gravitational  pull  of  the 
moon  and  sun. 

The  movement  of  the  earth  around 
the  sun  changes  our  seasons  and  sets 
the  limits  of  the  habitable  climates. 
The  daily  weather  changes  are  the 
doings  of  the  sun.  The  positions  of 
the  sun  and  other  heavenly  bodies 
tell  us  where  we  are  on  earth.  With¬ 
out  such  information  from  the  heav¬ 
ens,  we  could  not  find  our  way  across 
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How  the  sun’s  rays  are  distributed  on  the  earth  as  it  revolves  around  the  sun 


the  Atlantic,  nor  could  we  find  the 
boundary  line  between  the  United 
States  and  Canada.  The  rotation  of 
the  earth  measured  by  the  passage  of 
the  stars  across  the  sky  sets  our  clocks 
and  so  makes  possible  the  exact  ad¬ 
justments  of  modern  transportation 
by  which  our  modern  civilization 
lives. 

Why  days  vary  in  length.  We 
can  understand  why  days  vary  by 
performing  Experiment  178.  The 
earth’s  axis  is  tilted  instead  of  up¬ 
right.  It  is  always  tilted  the  same 
amount  (23^°),  in  the  same  direc¬ 
tion.  It  always  points  toward  the 
North  Star.  As  the  earth  revolves 
around  the  sun,  the  North  Pole  in¬ 
clines  toward  the  sun  in  June  and 
away  from  the  sun  in  December.  Be¬ 


cause  of  the  inclination  toward  or 
away  from  the  sun,  the  distribution 
of  sunlight  varies  and  the  days  vary 
in  length.  We  shall  study  the  dis¬ 
tribution  of  sunlight  on  four  special 
days  in  the  year. 

1.  June  21  or  22,  the  date  on 
which  the  North  Pole  is  most  inclined 
toward  the  sun.  This  is  the  longest 
day  in  the  year  in  the  Northern  Hem¬ 
isphere;  it  is  called  the  summer 
solstice  (sun  standing).  At  the  time 
of  the  summer  solstice  the  North  Pole 
is  bathed  continuously  in  sunlight; 
and  the  South  Pole  is  continuously 
in  the  dark.  The  sunlight  reaches 
only  to  the  Antarctic  Circle.  In  the 
Northern  Hemisphere  the  days  have 
been  growing  longer  until  this  date. 
Now  they  immediately  begin  to 
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shorten.  In  the  Southern  Hemisphere 
the  situation  is  reversed:  the  nights 
are  long,  and  the  days  are  short. 

2.  September  23,  three  months 
later,  the  North  Pole  is  not  inclined 
toward  the  sun  any  more  than  the 
South  Pole  is.  On  this  day  the  sun  is 
directly  overhead  at  noon  on  the 
Equator,  and  day  and  night  are  equal 
all  over  the  earth.  This  is  the  time  of 
the  autumnal  equinox  (equal  night) . 
Sunlight  stretches  from  Pole  to  Pole. 

3.  December  21  or  22,  tbe  winter 
solstice ,  or  the  shortest  day  of  the 
year  in  the  Northern  Hemisphere, 
the  North  Pole  is  inclined  farthest 
away  from  the  sun.  The  North  Pole  is 
in  darkness  24  hours  a  day.  The  sun¬ 
light  reaches  northward  only  to  the 
Arctic  Circle.  Up  to  this  date  the  days 
in  the  Northern  Hemisphere  have 
been  getting  continually  shorter,  but 
now  they  begin  to  lengthen  and  the 
sun  is  shining  continuously  on  the 
South  Pole. 

4.  March  21,  the  spring  or  vernal 
equinox ,  when,  as  at  the  autumnal 
equinox,  day  and  night  are  equal. 

The  two  points  of  special  interest 
are  thus  the  two  solstices.  At  the  win¬ 
ter  solstice  the  days  of  the  Northern 
Hemisphere,  which  have  been  getting 


shorter  and  shorter  for  six  months, 
begin  to  grow  longer.  At  the  summer 
solstice  the  days  of  the  Northern 
Hemisphere,  which  have  been  length¬ 
ening  for  six  months,  begin  to 
shorten. 

Why  winter  is  colder  than 
summer.  There  are  several  reasons. 

1.  Longer  days  in  summer  give 
longer  time  for  the  earth  to  heat  up. 
More  heat  is  received. 

2.  Experiment  179  shows  that 
slanting  rays  cover  more  ground  than 
direct  rays.  The  figure  below  shows 
it  more  briefly.  The  same  amount  of 
heat  is  spread  over  more  ground  and, 
therefore,  does  not  raise  the  tempera¬ 
ture  so  high. 


Why  do  the  sun’s  direct  rays  give 
more  heat  than  do  the  slanting  rays? 
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3.  Slanting  rays  travel  through 

more  air  than  do  direct  rays.  As  they 

pass  they  give  up  some  of  their  heat 

to  the  particles  of  dust,  moisture, 

and  the  air  itself.  When  thev  strike 

•/ 

the  earth’s  surface,  therefore,  they 
have  less  heat  to  give. 

The  sun  makes  ocean  cur¬ 
rents.  The  slanting  rays  on  the  poles 
give  less  heat  than  the  direct  rays  on 
the  tropics.  Cold  water  near  the  poles 
contracts,  becomes  heavier,  and 
sinks.  The  warmer  water  near  the 
Equator  expands,  becomes  lighter, 
and  is  floated  up.  The  downward 
movement  of  the  water  at  the  poles 
and  the  upward  movement  at  the 
Equator  causes  a  drift  of  water  along 
the  surface  toward  the  poles  and  a 
drift  of  deep  water  toward  the  Equa¬ 
tor.  Thus  the  sun’s  rays  falling 
unequally  on  the  earth  causes  the 
continuous  circulation  of  the  ocean 
waters. 

The  heavens  tell  where  we  are. 

Think  of  a  place  on  a  smooth,  spot¬ 
less  sphere  and  try  to  tell  a  classmate 
where  the  place  is.  You  cannot  locate 
a  point  on  a  sphere.  You  may  say 
the  top,  but  where  is  the  top  when 
you  turn  the  sphere  over? 

Now  suppose  that  you  are  in  the 
middle  of  the  Atlantic  Ocean.  How 
do  you  find  where  you  are  and  where 
the  nearest  harbor  is?  You  must  turn 
your  eyes  to  the  heavens  to  find  where 
you  are  on  earth. 

Scientists  have  put  a  system  of  two 
sets  of  lines  on  globes  to  enable  us 
to  tell  where  we  are  on  earth.  If  you 
mention  two  intersecting  lines  in  this 


system,  you  locate  the  spot  of  their 
intersection  on  the  earth  exactly, 
down  to  the  foot  and  inch. 

One  line  of  reference  is  the  Equa¬ 
tor,  drawn  around  the  earth  midway 
between  the  poles.  Lines  parallel 
with  it  are  parallels  of  latitude.  To 
say  that  Philadelphia  and  Madrid 
are  on  the  fortieth  parallel  north 
latitude,  or  40°  N.  Lat.,  tells  exactly 
how  far  north  of  the  Equator  these 
cities  are. 

To  locate  any  spot  we  must  also 
tell  how  far  east  or  west  it  is.  Lines 
are  drawn  from  one  pole  to  the  other, 
called  meridians  of  longitude.  For 
convenience  the  nations  have  agreed 
to  call  the  meridian  that  goes  through 
the  famous  observatory  at  Green¬ 
wich,  England,  the  prime  meridian, 
or  the  meridian  of  zero  degrees 
longitude.  If  you  say  that  a  certain 
spot  is  40°  N.  Lat.,  75°  W.  Long., 
that  place  is  40°  north  of  the  Equa¬ 
tor  and  75°  west  of  the  meridian  of 
Greenwich. 

A  degree  is  of  the  distance 
around  the  circle.  A  degree  is 
divided  into  60  minutes  (indicated 
by  '),  and  a  minute  into  60  seconds 
(indicated  by  "). 

How  the  heavens  set  our  time. 
When  is  it  noon  on  any  given  day? 
When  the  sun  is  as  nearly  overhead 
as  it  can  get  that  day.  Remember  that 
the  sun  never  gets  exactly  overhead 
for  points  more  than  23i°  away 
from  the  Equator.  The  spot  directly 
overhead  is  called  the  zenith.  When 
the  sun  is  on  the  meridian  that  passes 
through  the  zenith  in  our  town,  is  it 
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Pacific  Time  Mountain  Time  Central  Time  Eastern  Time 


The  Standard  Time  Zones  of  the  United  States.  When  it  is  noon  in  Washing¬ 
ton,  D.  C.,  what  time  is  it  in  your  town? 


on  the  meridian  in  a  town  100  miles 
to  the  west  of  us?  No,  not  yet.  In  a 
town  10  miles  west  of  us?  No,  not 
yet.  What  time  is  it  in  a  town  100 
miles  east  of  us?  Afternoon,  for  the 
sun  has  passed  that  meridian.  Then 
if  each  town  set  its  clocks  when  the 
sun  was  on  its  meridian,  the  clocks 
would  show  correct  time,  but  each 
town  would  have  a  different  time. 
You  could  never  run  a  railroad  with 
that  jumble  of  times.  Therefore, 
when  railroads  spread  over  the  coun¬ 
try,  standard  time  was  adopted. 

The  United  States  is  divided  into 
four  standard  time  belts  as  shown 
above.  Every  place  in  the  belt  of 
Eastern  Standard  Time  uses  the  time 
of  points  on  the  meridian  of  75° 
west  longitude.  The  Central  Time 
belt  has  its  time  set  by  90°  west 
longitude.  Mountain  Time  is  the  time 
of  105°  west  longitude,  and  Pacific 
Time  the  time  of  the  120°  west  longi¬ 


tude.  When  it  is  noon  on  the  75th 
meridian,  it  is  11  A.M.  on  the  90th, 
10  a.m.  on  the  105th,  and  9  a.m.  on 
the  120th.  The  sun  travels  15  de¬ 
grees  of  longitude  each  hour  (360  -r- 
24  =  15).  For  convenience  the 
change  from  one  time  to  another  is 
not  made  exactly  midway  between 
the  time  meridians  but  at  convenient 
cities  along  the  railroad.  Therefore 
the  time  belts  are  bounded  by  irregu¬ 
lar  lines  on  the  map. 

Where  the  day  begins.  When 
Magellan’s  ship  arrived  in  Portugal 
after  the  first  voyage  around  the 
world,  its  calendar  was  one  day 
wrong.  Every  day  the  mariner  puts 
down  the  happenings  of  the  day  in  a 
record  which  is  called  the  ship’s  log. 
Although  Magellan’s  log  accounted 
for  every  day,  it  was  one  day  out. 
Let  us  try  to  understand  why. 

Suppose  an  aviator  had  a  plane 
that  would  fly  as  fast  as  the  sun — 
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around  the  earth  in  one  day.  Suppose 
that  he  left  Greenwich  at  noon  Mon¬ 
day  and  flew  westward  on  a  nonstop 
flight.  If  he  traveled  as  fast  as  the 
sun,  he  would  have  the  sun  always 
on  the  meridian.  It  would  always  be 
noon  on  his  plane.  When  he  arrived 
back  at  Greenwich  after  encircling 
the  globe,  it  would  still  be  noon.  The 
people  of  Greenwich  would  say  that 
it  was  noon  Tuesday,  for  a  night 
would  have  elapsed  since  the  aviator 
left.  The  aviator  might  say  it  was  still 
noon  Monday  for  he  had  seen  no 
night.  To  keep  his  calendar  right 
with  the  rest  of  the  world,  he  would 
need  to  add  a  day  to  his  calendar. 

Every  time  one  moves  westward, 
he  gains  a  little  on  the  sun,  that  is, 
the  sun  after  encircling  the  earth 
must  move  a  little  farther  west  to 
catch  up  with  him  the  next  day.  When 
he  moves  15°,  the  sun  takes  an  hour 
longer  to  catch  him.  When  he  moves 
360°,  the  sun  takes  24  hours  longer 
to  catch  him. 

To  keep  the  calendar  right  as  we 
go  west  around  the  world,  a  day  must 
be  added.  The  nations  have  agreed  to 
add  this  day  when  their  ships  cross  a 
line  drawn  down  the  Pacific  Ocean 
where  no  one  lives.  When  a  west¬ 


bound  ship  crosses  the  International 
Date  Line ,  it  adds  a  day.  When  an 
eastbound  ship  crosses  the  line,  it 
subtracts  a  day.  Thus  if  the  line  is 
crossed  at  8  a.m.  on  September  10, 
the  westbound  ship  will  enter  in  its 
log:  8  a.m.  September  11.  An  east- 
bound  ship  would  enter  8  A.M.  Sep¬ 
tember  9,  and  the  passengers  will 
appear  to  live  September  9  over 
again. 

How  moon  and  sun  make 
tides.  Probably  few  people  who 
watch  the  tide  creep  into  a  harbor 
or  up  a  winding  creek  think  that  here 
is  a  demonstration  of  a  mighty  power 
240,000  miles  away  and  another 
93,000,000  miles  away.  The  pull  of 
the  moon  draws  the  water  of  the 
ocean  upward  into  a  swelling,  or 
wave.  As  the  earth  turns  around,  this 
wave  comes  into  the  harbor  as  the 
tide. 

About  twelve  hours  later  another 
tide  comes  in.  It  is  not  quite  so  easy 
to  see  the  cause  of  this  high  tide. 
The  moon  actually  pulls  the  solid 
earth  as  well  as  the  water.  In  the  dia¬ 
gram  below,  the  parts  of  the  earth  at 
b  and  d  are  nearer  the  moon  than 
the  part  at  c  by  about  4000  miles. 
They  are,  therefore,  pulled  more 


Diagram  to  show  how  the  moon  and  the  sun  cause  the  tides  on  the  earth. 
Why  are  the  tides  greater  in  position  on  the  right  than  on  the  left? 


Ewing  Galloway,  N.Y. 


strongly.  They  are  pulled  away  from 
the  water  at  c,  leaving  an  area  of 
high  water. 

The  gravitational  pull  of  the  sun 
also  is  felt,  but  as  the  sun  is  so  much 
farther  away,  its  tides  are  less  notice¬ 
able.  When  the  sun  is  on  the  same 
side  of  the  earth  as  the  moon  or  on 
the  opposite  side,  the  sun  helps  the 
moon’s  tide;  then  high  tides  are 
higher  and  low  tides  are  lower  than 
at  other  times.  These  are  called 
spring  tides.  They  have  nothing  to 
do  with  the  spring  of  the  year.  When 
the  sun  is  pulling  at  right  angles  to 
the  pull  of  the  moon,  the  difference 
between  high  tide  and  low  tide  is  not 
so  great.  These  are  called  neap  tides. 
Two  spring  tides  and  two  neap  tides 
occur  every  27i  days,  for  the  moon 
goes  around  the  earth  in  27i  days. 

Where  is  north?  The  stars  and 
the  sun  were  the  early  seaman’s 
guides.  The  navigator  uses  them  still. 
But  they  cannot  give  him  his  direc- 


The  gyroscope  compass,  with  housing 
cut  away  to  show  construction.  The 
gyroscope  is  a  top.  When  spinning,  a 
top  keeps  its  axis  pointing  in  the 

tions  when  clouds  cover  the  sky.  The 
magnetic  compass  was  a  great  dis¬ 
covery  for  the  seaman.  This  compass 
does  not  always  point  north,  how¬ 
ever,  as  we  learned  in  the  chapter 
on  magnetism,  and,  furthermore,  it 
may  be  deflected  by  the  steel  on  the 
ship. 

Science  has  produced  another  in¬ 
strument,  the  gyrocompass ,  to  sup¬ 
plement  the  magnetic  compass.  The 
gyrocompass  is  now  used  on  ocean 
liners,  submarines,  and  airplanes. 
The  principle  is  seen  in  the  spinning 
top.  If  you  set  a  top  spinning  on  a 
piece  of  board,  you  can  move  the 
board  around  without  changing  the 
direction  of  the  spinning  top.  The 
gyroscope  is  such  a  spinning  top  that 


536 


A  naval  officer  using  a  sextant.  The 
sextant  is  used  to  find  sun’s  altitude. 
The  sun  is  reflected  from  mirror  I  to 
H,  half  of  which  is  mirror  and  half 
clear  glass.  The  observer  looks 
through  the  telescope  F  at  H,  and 
moves  the  arm  IE  until  the  sun  ap¬ 
pears  to  rest  on  the  horizon  in  the 
clear  glass  of  H.  Then  the  altitude  is 
read  from  the  scale  AB 

maintains  its  position.  The  gyrocom¬ 
pass  is  a  gyroscope  spinning  with  its 
axis  parallel  to  the  axis  of  the  earth 
and  hence  pointing  north.  It  is  kept 
spinning  by  a  motor.  It  maintains  its 
direction  no  matter  in  what  direction 
the  boat  or  plane  turns. 

[How  the  mariner  finds  where 
he  is.  Suppose  that  you  are  on  a 
ship  somewhere  out  in  the  Atlantic. 
All  that  you  can  see  is  ocean  and  sky. 
Where  are  you  and  where  is  your 
harbor? 

If  you  knew  your  latitude  and 
longitude,  you  could  pick  out  your 
spot  on  the  map.  How  could  you  find 
your  latitude  amidst  the  gray  waste 
of  sea  and  the  blue  waste  of  sky? 

Suppose  it  is  September  23  or 
March  21.  Then  the  sun  is  over  the 
Equator.  If  you  were  on  the  Equator, 
you  would  find  the  sun  at  noon  ex¬ 
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actly  90°  above  the  horizon.  If  you 
were  20°  north  of  the  Equator,  the 
sun  would  be  20°  lower  or  70°  above 
the  horizon.  If  you  know  the  number 
of  degrees  the  sun  is  above  the  hori¬ 
zon — its  altitude — you  can  find  your 
latitude.  In  order  to  find  the  sun’s 
greatest  altitude  on  the  given  day, 
you  may  have  to  take  several  obser¬ 
vations  of  the  sun  at  about  noontime, 
and  select  the  reading  which  shows 
the  sun  highest.  The  time  of  this 
reading  will  give  you  noon.  Opposite 
is  shown  the  instrument  which  the 
mariner  uses  to  find  the  sun’s  alti¬ 
tude. 

If  it  is  not  March  21  or  September 
22,  you  must  know  exactly  how  far 
north  or  south  of  the  Equator  the  sun 
is  on  the  day  in  question.  Tables 
showing  the  position  of  the  sun  every 
day  in  the  year  are  published  in  the 
Nautical  Almanac.  From  the  infor¬ 
mation  in  the  tables  and  observation 
of  the  sun’s  altitude,  the  mariner 
gets  his  latitude. 
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The  mariner  must  also  know  his 
longitude.  Suppose  that  when  it  is 
noon  on  our  ship  somewhere  in  the 
Atlantic,  it  is  2  p.m.  in  Greenwich. 
We  know  that  the  sun  travels  15°  an 
hour.  We  must  be  therefore  30° 
west  of  Greenwich,  that  is  30°  W. 
Long. 

The  mariner  finds  out  when  it  is 
noon  on  his  ship  every  day  by  ob¬ 
serving  the  sun,  and  he  tells  what 
time  it  is  in  Greenwich  by  carrying  a 
clock  which  keeps  Greenwich  time. 
Such  a  clock  is  called  a  chronometer 
(meaning  time  measurer).  Radio 
time  signals  now  enable  the  mariner, 
wherever  he  may  be,  to  see  that  his 
chronometer  continues  to  keep  accu¬ 
rate  Greenwich  time.] 

The  stars  are  also  used  to  locate 
a  ship  or  a  plane.  Observers  aboard 
the  ship  or  plane  measure  accurately 
the  position  of  certain  stars.  Tables 
of  the  stars,  telling  their  position  at 
different  hours  and  dates  enable  the 
navigator  to  determine  his  position. 
Radio  signals  from  shore  stations 
and  from  other  ships  also  help  the 
navigator. 

Experiment  178 

Question:  How  can  I  show  that  day 
and  night  are  caused  by  the  rotation  of 
the  earth  on  its  axis? 

Materials:  Darkened  classroom,  elec¬ 
tric-light  bulb,  and  a  small  earth  globe. 

Directions:  (a)  Light  the  electric-light 
bulb  and  place  it  on  the  center  of  the 
table.  This  represents  the  sun. 

( b )  Hold  the  globe  with  its  axis  par¬ 
allel  to  the  table  top  so  that  the  light 
shines  directly  on  the  Equator  and 
neither  North  Pole  nor  South  Pole  points 


toward  the  sun.  Rotate  the  globe.  No¬ 
tice  how  much  of  the  globe  is  lighted 
by  the  sun.  This  part  of  the  globe 
would  be  in  daylight.  1.  If  the  axis  of 
the  earth  really  had  this  position,  what 
would  be  the  relative  length  of  our  days 
and  nights? 

(c)  Hold  the  globe  with  its  axis  per¬ 
pendicular  to  the  table  top.  Again  ob¬ 
serve  what  portion  of  the  globe  would 
have  daylight.  Rotate  the  globe  and  ob¬ 
serve  whether  the  position  of  the  day¬ 
light  changes.  2.  If  the  axis  of  the  earth 
really  had  this  position,  what  would  be 
the  relative  length  of  our  days  and 
nights? 

( d )  Hold  the  globe  with  its  axis  in¬ 
clined  at  an  angle  of  23^°  from  the 
perpendicular.  This  is  the  true  position 
of  the  earth  relative  to  the  sun.  Again 
rotate  the  globe  and  note  how  the  po¬ 
sitions  of  daylight  and  darkness  change. 
Mark  the  position  of  your  city  on  the 
globe.  3.  Why  does  your  home  have 
day  and  night?  • 

Diagram:  Show  the  position  of  the 
globe  and  sun  in  d. 

Conclusion:  4.  What  is  the  cause  of 
day  and  night?  5.  Why  is  the  inclina¬ 
tion  of  the  earth’s  axis  of  great  impor¬ 
tance  to  us? 

Experiment  179 

Question:  How  can  I  show  that  slant¬ 
ing  rays  bring  less  light  and  heat  to 
the  surface  of  the  earth  than  vertical 
rays? 

Materials:  A  square  tube  2  inches  in 
cross  section  and  at  least  12  inches 
long.  An  electric  lamp  that  can  be 
placed  inside  the  tube  (a  flashlight  will 
do) . 

Directions :  (a)  Place  a  sheet  of  pa¬ 
per  on  the  table.  Light  the  bulb  inside 
the  tube.  Hold  the  tube  so  that  the  rays 
coming  from  it  strike  the  paper  ver¬ 
tically  (direct  rays).  Mark  the  area 
that  is  lighted  by  these  rays. 
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( b )  Holding  the  tube  at  the  same 
distance  from  the  paper,  incline  it  so 
that  the  rays  strike  the  paper  at  an 
angle  of  30°  (slanting  rays).  Again 
mark  the  area  on  the  paper  that  is 
lighted  by  the  rays. 

(c)  Repeat  6,  making  the  angle  of 
the  rays  60°. 

Diagram ;  Show  the  apparatus  giving 
direct  rays  and  slanting  rays. 

Conclusion:  The  rays  coming  from 
the  tube  represent  the  light  and  heat 
reaching  the  earth  from  the  sun.  The 
paper  represents  the  surface  of  the 
earth.  The  actual  amount  of  light  com¬ 
ing  from  the  tube  is  the  same  in  a,  b, 
and  c.  1.  How  does  the  amount  of  light 
received  on  each  square  inch  of  the 
paper  vary  in  a,  6,  and  c?  2.  Why  do 
slanting  rays  of  sun  give  us  less  light 
and  heat  than  direct  rays?  3.  Give  one 
reason  why  it  is  warmer  in  summer 
than  in  winter. 

Note:  Some  of  the  sun’s  light  and 
heat  is  lost  (absorbed)  when  it  passes 
through  the  air.  The  more  slanting  the 
rays,  the  greater  the  amount  of  air  that 
they  must  pass  through  and  the  greater, 
therefore,  will  be  the  loss.  This  is  an¬ 
other  reason  why  slanting  rays  give  us 
less  heat  and  light  than  vertical  rays. 

Practical  application:  Why  is  it  that 
in  the  winter,  when  the  Northern  Hemi¬ 
sphere  is  nearer  the  sun,  it  is  colder  than 
in  summer  when  we  are  farther  away 
from  the  sun? 

Experiment  180 

Question:  How  can  I  show  that  the 
seasons  are  caused  by  the  revolution  of 
the  earth  on  an  inclined  axis? 

Materials:  A  globe  so  mounted  on  a 
stand  that  it  can  be  rotated  and  in¬ 
clined  23-J°.  Mark  your  city  with  a 
cross,  and  through  it  draw  a  circle, 
everywhere  equally  distant  from  the 
North  Pole.  This  represents  your  par¬ 
allel  of  latitude.  An  ellipse  drawn  with 
chalk  on  the  table  top  may  represent  the 


earth’s  orbit.  Draw  the  ellipse  with  its 
long  axis  running  approximately  north 
and  south.  Mark  the  south  end  of  the 
long  axis  A  and  the  north  end  C.  Mark 
the  east  end  of  the  short  axis  B  and 
the  west  end  D.  Place  an  electric  light 
on  the  long  axis  just  north  of  the  mid¬ 
dle.  The  light  is  the  sun. 

Directions:  (a)  Hold  the  globe  at  A 
with  the  North  Pole  inclined  toward 
the  bulb  and  toward  the  north  end  of 
your  room.  Light  the  bulb.  Note  where 
the  vertical  rays  and  the  slanting  rays 
fall  and  where  no  rays  fall.  Rotate  the 
globe  once.  This  represents  the  posi¬ 
tion  of  the  earth  and  sun  in  June.  1. 
What  kind  of  rays  does  your  city  re¬ 
ceive?  2.  What  season  is  it  there? 

( b )  Hold  the  globe  at  C  with  the 
North  Pole  pointed  away  from  the  sun, 
but  still  toward  the  north  end  of  the 
room.  Rotate  the  globe.  Note  where  the 
vertical  rays  fall,  the  slanting  rays.  3. 
What  part  of  the  globe  receives  no 
rays?  4.  What  rays  does  your  city  re¬ 
ceive?  5.  What  season  is  it  there?  This 
represents  the  position  of  the  earth  and 
sun  in  December. 

(c)  Hold  the  globe  at  B  and  D  with 
the  North  Pole  still  toward  the  north 
and  hence  with  neither  North  nor 
South  Pole  pointing  toward  the  light. 
These  represent  the  positions  of  the 
earth  and  sun  in  September  and  March 
respectively.  Make  observations  as  sug¬ 
gested  in  directions  marked  (a)  and 
(b). 

Diagram:  A  page  drawing  is  re¬ 
quired  showing  the  earth  at  each  of  the 
four  seasons.  Draw  rays  of  light  show¬ 
ing  how  they  strike  your  city  in  sum¬ 
mer  and  in  winter. 

Conclusion:  1.  What  causes  the  sea¬ 
sons?  2.  Why  does  your  home  receive 
different  kinds  of  rays?  3.  Upon  what 
do  the  seasons  depend? 

Practical  application:  1.  Give  two 
causes  why  the  summer  is  hot  in  your 
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home.  2.  Why  is  our  hottest  season  af¬ 
ter  June  21,  instead  of  on  that  day?  3. 
If  the  earth’s  axis  were  not  inclined, 
but  vertical,  what  would  be  true  of  the 
length  of  days  and  nights?  4.  Hammer* 
fest,  a  town  in  Norway,  is  located  at 
71°  N.  From  May  13  to  July  8  the  sun 
never  sets.  From  November  18  to  Jan¬ 
uary  23  it  never  rises.  Explain  how 
this  is  possible. 

Note:  It  is  difficult  to  explain  the 
direction  in  which  a  rotating  body  is 
moving.  When  the  top  of  a  rotating 
wheel  is  moving  from  left  to  right,  the 
bottom  is  moving  from  right  to  left.  The 
best  way  of  describing  such  motions  is 
to  compare  them  to  the  hands  of  a 
clock.  If  the  wheel  is  rotating  in  the 


direction  in  which  the  hands  of  a  clock 
move,  it  has  a  clockwise  movement.  If 
it  is  moving  in  the  opposite  direction, 
it  has  a  counterclockwise  movement. 
Remember  these  two  words.  They  will 
often  help  you  out  of  a  difficulty.  The 
earth  moves  counterclockwise  in  its 
orbit. 

Observe  that  the  varying  distance  of 
the  earth  from  the  sun  has  little  effect 
on  the  seasons.  It  is  summer  with  us 
when  the  earth  is  farthest  from  the  sun. 
The  activity  of  plants  and  animals  in¬ 
cluding  man  is  largely  determined  by 
the  seasons. 

Practical  application:  Put  the  four 
tables  below  into  your  notebook,  filling 
in  the  vacant  spaces: 


1.  During  a  day  of  24  hours  there  are: 

Hours  of 
Sunlight 

Hours  of 
Darkness 

On  December  21  • 

At  the  North  Pole 

At  the  South  Pole 

At  your  home  town 

On  March  21 

At  the  North  Pole 

At  the  South  Pole 

At  your  home  town 

On  June  21 

At  the  North  Pole 

At  the  South  Pole 

At  your  home  town 

On  September  23  ■ 

At  the  North  Pole 

At  the  South  Pole 

At  your  home  town 

2.  The  sun’s  rays  strike  the  earth’s 

surface  at  your  home  town: 

On  December  21  at  an  angle  of 
On  March  21  at  an  angle  of 
On  June  21  at  an  angle  of 
On  September  23  at  an  angle  of 

3.  When  it  is: 

Winter  in  the  Northern  Hemisphere, 

it  is . in  the  Southern. 

Spring  in  the  Northern  Hemisphere, 
it  is . in  the  Southern. 


Summer  in  the  Northern  Hemi¬ 
sphere,  it  is . in  the  South¬ 

ern. 

Autumn  in  the  Northern  Hemi¬ 
sphere,  it  is . in  the  South¬ 

ern. 

At  10  p.m.,  in  New  York  City,  on 
December  21,  what  are  the  con¬ 
ditions  in  London,  England?  in 
Istanbul,  Turkey,  formerly  called 
Constantinople? 
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At  noon  in  New  York  City,  on  June  4.  Effects  of  seasons  on  plants,  ani- 
21,  what  are  the  conditions  in  mals,  man  in  your  home  town  or 

Australia?  in  Brazil?  community. 


(Some  entries  are  made  to  show  you  the  kind  of  answers  intended) 


Plants 

Animals 

Man 

Spring : 

Seeds  and  trees  start 

to  grow. 

Summer : 

Horses  cannot  do  as 

much  work  as  us¬ 
ual  because  of  the 
heat. 

Autumn : 

Snow  makes  travel 

Winter: 

difficult.  Cold 

freezes  water 

pipes. 

How  the  plants  adapt  themselves  to  climate: 

Torrid  Zone 
Temperate  Zone 
Frigid  Zone 

How  animals  adapt  themselves  to  climate: 

Torrid  Zone 
Temperate  Zone 
Frigid  Zone 

How  man  adapts  himself  to  climate: 

Torrid  Zone  Heat  makes  white ,  light-weight  clothing  desirable.  Men 

need  little  meat  and  more  fruit  and  vegetables.  Men 
become  lazy ,  etc.  Houses?  Business  hours?  Sleeping 
hours,  etc.? 

Temperate  Zone 
Frigid  Zone 


Chapter  Sixty-seven 

History  and  Life  in  the  Heavens 


The  speeding  stars.  Things  in 
space  are  moving,  moving  fast,  about 
a  thousand  times  as  fast  as  an  ex¬ 
press  train.  The  earth  is  traveling 
around  the  sun  at  18J  miles  a  sec¬ 
ond.  The  other  planets  are  going  at 
comparable  speeds.  The  sun,  too,  is 
moving  through  space,  taking  the 
whole  solar  system  with  it.  The  other 
stars  that  seem  so  still,  fixed  about 
where  the  first  man  saw  them,  are 
also  moving.  Our  whole  Galaxy  is 
rotating  furiously.  Other  galaxies 
are  doing  the  same. 

Because  of  their  vast  distances 
away,  we  cannot  see  the  stars  change 
their  places.  Only  the  instruments  of 
the  scientist  can  tell  us  of  their  mo¬ 
tions,  of  the  direction,  and  the  rate. 
That  invaluable  instrument,  the  spec¬ 
troscope,  again  comes  into  service. 
Light  rays  from  a  fixed  source  are 
refracted  a  known  amount  by  a 
prism;  if  the  lines  of  the  spectrum 
made  by  the  light  from  a  given  star 
do  not  fall  where  we  should  expect 
them,  but  are  displaced  toward  the 
red  end  of  the  spectrum,  it  tells  us 
that  the  star  is  moving  away  from 
us;  if  they  are  displaced  toward  the 
violet  end,  it  is  moving  toward  us. 
By  mathematical  computation,  the 
rates  may  be  learned. 

The  beginning  and  the  end. 
The  structure  of  stars,  nebulae,  and 
planets  likewise  is  changing.  Meas¬ 


ured  in  terms  of  human  life  the 
change  is  infinitely  slow.  The  records 
of  science  are  much  too  recent  to  tell 
the  history  of  a  star  directly,  but  the 
astronomer  sees  nebulae  and  stars 
that  seem  to  show  stages  in  the  his¬ 
tory  of  a  celestial  body.  With  the  aid 
of  mathematics  he  can  write  the  his¬ 
tory.  Our  knowledge  is  still  a  little 
uncertain.  There  is  a  difference  of 
opinion  about  the  details  of  the  his¬ 
tory,  but  there  is  an  agreement  on 
the  general  story. 

Let  us  imagine  that  at  first  all  mat¬ 
ter  was  evenly  distributed  in  a  thin 
cloud  or  gas  throughout  the  universe. 
It  does  not  stay  in  that  state.  Every 
particle  attracts  every  other  particle. 
Movement  of  particles  begins.  Where 
several  particles  approach  one  an¬ 
other,  their  combined  pull  of  gravita¬ 
tion  tends  to  bring  together  still 
others.  So  the  accumulation  grows. 

Because  of  the  tendency  of  things 
to  keep  on  moving,  the  forces  of  grav¬ 
itation  would  make  the  accumula¬ 
tions  go  round  and  round  as  the  plan¬ 
ets  move  around  the  sun.  Great  balls 
of  thin  gas  would  be  formed.  Many 
nebulae  are  just  such  balls  of  gas. 
With  continued  rotation  and  in¬ 
creased  speed,  the  balls  would  flatten 
at  the  ends.  Such  nebulae  are  also  in 
the  skies.  Still  further  flattening 
would  make  rotating  disks.  Such 
nebulae  are  also  common. 
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Meantime  within  the  nebulae  the 
gas  gathers  in  denser  spots  separated 
by  thinner  areas  (page  519).  These 
denser  areas  are  the  young  stages  of 
the  stars.  A  nebula  becomes  a  globu¬ 
lar  cluster  of  stars. 

Does  a  star  once  formed  last  for¬ 
ever?  No,  not  so.  The  ball  continues 
to  condense  and  lose  heat.  Gas  be¬ 
comes  liquid  and  liquid  becomes 
solid.  The  heat  gradually  passes  into 
space.  There  is  left  a  cold,  hard  ball 
of  rock  much  like  our  moon.  We 
have  not  actually  seen  such  dead 
stars.  They  would  have  no  light  of 
their  own  and  would  be  too  far  away 
to  be  seen  by  reflected  light.  As¬ 
tronomers  have  reason  to  believe  that 
such  dark  stars  exist.  Certain  stars 
vary  in  brightness  in  such  a  way  as 
to  suggest  that  a  dark  star  may  re¬ 
volve  in  front  of  them,  shutting  off 
part  of  their  light. 

Such  then  is  the  life  history  of  a 
star — a  fiery  mist,  a  rotating  ball,  a 
rotating,  flattened  nebula,  a  cluster 
of  stars,  then  gradual  darkness  and 
cold.  And  shall  such  death  last  for¬ 
ever?  There  is  some  reason  to  sus¬ 
pect  a  resurrection.  The  star  material 
may  be  dissipated  again  to  start  the 
cycle  over.  But  that  is  a  matter  of 
deep  mathematics  which  we  shall  not 
attempt  to  follow.  The  idea  that  the 
stars  and  the  solar  system  originated 
in  a  nebula  is  the  nebular  hypothesis. 

How  the  earth  began.  Here  is 
one  hypothesis — unproved — of  how 
the  earth  was  born:  At  one  time  a 
big  star  went  sweeping  past,  close 
to  the  sun.  Such  near  approach  of 
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A  globular  cluster  of  stars.  One  stage 
in  the  history  of  stars 

two  stars  must  be  extremely  rare, 
for  stars  are  millions  upon  millions 
of  miles  apart.  As  it  approached,  the 
gravitational  pull  of  the  star  in¬ 
creased.  When  it  was  very  close,  the 
gas  on  the  sun  was  drawn  up  in  a 
great  tidal  wave;  when  it  was  still 
closer,  only  three  times  the  star’s 
diameter  away,  the  gas  was  actually 
pulled  away  from  the  sun,  out  into 
space.  But  the  big  star  rushed  on 
past,  and  the  gas  was  left  in  space  as 
the  gravitation  of  the  star  decreased 
with  distance.  The  initial  pull  of  the 
star  set  the  gas  circulating  around 
the  sun.  Gradually  the  gas  condensed 
into  balls  as  steam  condenses  into 
drops  of  water.  These  balls  were  the 
young  planets,  one  of  which  was  the 
earth.  The  earth  has  grown  since  that 
time  by  the  addition  of  various  small 
bodies  which,  like  meteors,  were  at¬ 
tracted  to  it.  These  small  bodies  are 
called  planetesimals  and  the  idea  of 
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such  growth  is  called  the  planetes- 
imal  hypothesis . 

Perhaps  the  earth  did  not  pass 
through  a  liquid  stage.  Its  center 
now  is  not  liquid,  but  denser  than 
its  crust.  Perhaps  it  gathers  gas  now 
as  it  gathers  solid  meteors  from 
space. 

How  old  is  the  earth?  The 

actual  figures  that  scientists  have 
reached  are  not  important.  They  do 
not  agree  and  they  are  too  big  to 
mean  much  to  us  anyway.  The  meth¬ 
ods  used  to  obtain  the  figures  are  im¬ 
portant,  for  they  show  how  scientists 
use  facts,  and  why  results  disagree 
when  different  methods  are  used. 

An  old  method  of  estimating  the 
age  of  the  earth  is  based  on  the  salt 
in  the  sea.  Sea  salt  is  land  salt  that 
the  rain  has  dissolved  from  the  rocks, 
and  the  rivers  carried  to  the  sea. 
When  the  water  evaporates  from  the 
sea,  the  salt  remains  behind.  We  can 
estimate  the  quantity  of  salt  in  the 
sea  and  the  quantity  brought  in  by 
the  rivers  each  year.  Thus  we  can 
arrive  at  an  age  for  the  sea. 

Another  method  is  based  on  the 
sand  and  mud  carried  down  by 
rivers.  In  Egypt  we  have  the  record 
since  the  days  of  Rameses  II,  three 
thousand  years  ago. 

The  latest  method  is  based  on  the 
change  in  radioactive  rocks.  Ura¬ 
nium  gives  off  rays  resembling  X- 
rays  and  in  so  doing  changes  into 
lead.  The  rate  of  change  is  known. 
The  amounts  of  uranium  and  lead  in 
a  radioactive  rock  will  tell  how  long 
the  process  has  been  going  on. 


As  a  compromise  of  the  results 
from  the  various  methods,  it  would 
seem  that  the  earth  has  been  in  ex¬ 
istence  for  about  2,000,000,000 
years. 

Life  in  the  heavens.  After  the 
seas  had  formed  on  earth  and  had 
cooled  to  a  comfortable  temperature, 
a  strange  new  event  took  place.  Life 
arose.  Scientific  guesses  as  to  how 
life  arose  are  too  vague  to  bother 
about.  Perhaps  it  took  place  about 
300,000,000  years  ago,  but  that  is 
also  too  uncertain  to  remember. 

Is  there  life  outside  the  earth? 
Let  us  reason  it  out  from  the  facts 
known  to  science.  The  moon  has  no 
oxygen  to  support  life  and  therefore 
no  life.  Mercury,  the  planet  nearest 
the  sun,  has  a  daytime  tempera¬ 
ture  of  660°  F.  That  temperature 
melts  lead.  There  can  be  no  life  on 
Mercury.  Venus,  the  next  planet,  has 
only  tV  of  1  per  cent  as  much  oxy¬ 
gen  as  has  the  earth.  No  life  is  there. 

Mars  has  15  per  cent  as  much  oxy¬ 
gen  as  has  the  earth.  Much  of  earth’s 
life  could  not  exist  there.  Its  daytime 
temperature  is  about  50°  F.  at  Equa¬ 
tor,  but  it  falls  below  freezing  be¬ 
fore  sunset.  The  outer  planets  are  all 
too  cold  for  life :  their  temperatures 
are  150°  to  220°  below  zero  or  even 
lower.  Mars  is  then  the  only  possi¬ 
bility  for  life  in  the  solar  system, 
and  life  there  is  doubtful. 

We  have  seen  that  few  of  the  stars 
are  likely  to  have  planets.  If  planets 
exist  outside  of  the  solar  system,  the 
chances  of  one’s  having  just  the 
right  temperature  and  just  the  right 
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amount  of  oxygen  and  other  sub-  few.  Science  has  found  no  evidence 
stances  for  life  as  we  know  it  are  of  earthly  life  beyond  the  earth. 

Additional  Questions  to  Think  Out 


1.  If  you  were  at  the  North  Pole, 
where  should  you  see  the  North  Star? 

2.  If  you  were  in  the  Southern 
Hemisphere  where  the  North  Star  is  not 
visible,  could  you  tell  your  direction 
from  the  stars? 

3.  How  could  you  tell  time  at  night 
without  a  watch? 

4.  With  an  ordinary  camera  you 
can  take  an  interesting  picture  of  star 
tracks.  Find  a  place  outdoors  away 
from  electric  lights.  Point  the  camera 
to  the  north  if  possible.  Set  the  shutter 
for  “time.”  Open  the  shutter  and  leave 
the  camera  for  as  many  hours  as  con¬ 
venient.  You  will  find  that  the  star 
tracks  on  the  film  are  curved.  Why? 

5.  Could  you  jump  higher  on  Mer¬ 
cury  or  on  Jupiter?  Why? 

6.  Some  of  the  asteroids  are  only 
10  miles  in  diameter.  Do  you  think 
such  a  body  would  have  a  dense  at¬ 
mosphere? 

7.  Why  do  we  believe  that  the  earth 
revolves  around  the  sun? 

8.  How  do  you  know  that  the  moon 
shines  only  by  reflected  light? 

9.  Why  is  it  said  that  the  other 
side  of  the  moon  is  made  of  green  cheese? 

10.  If  the  moon  were  suddenly  cov¬ 
ered  with  an  atmosphere,  it  would 
promptly  lose  it.  Why? 

11.  For  several  nights  watch  the 
moon  rise  or  note  when  it  reaches  the 
top  of  the  house.  Does  it  rise  earlier  or 
later  each  night?  Why? 

12.  How  long  does  it  take  light  to 
travel  from  the  moon  to  us? 

13.  Do  you  see  the  new  moon  in  the 
west  or  in  the  east?  Why? 

14.  If  you  saw  a  crescent  moon  in 
the  early  morning,  would  it  be  a  new 
moon  or  an  old  moon?  Demonstrate 
with  a  globe  and  light. 


15.  Sometimes  when  the  moon  is  a 
narrow  crescent,  you  can  see  the  whole 
face  dimly.  Where  does  the  dim  light 
come  from?  This  is  the  condition  called 
“the  old  moon  in  the  new  moon’s 
arms.” 

16.  Why  do  the  mountains  of  the 
moon  cast  no  shadows  when  the  moon  is 
full? 

17.  Why  can  there  not  be  an  eclipse 
of  the  sun  at  full  moon? 

18.  Why  do  ships  crossing  the  At¬ 
lantic  follow  steamship  lanes? 

19.  How  can  the  size  of  the  earth  be 
determined  without  measuring  around? 

20.  To  use  your  watch  as  a  compass, 
point  the  hour  hand  toward  the  sun. 
Halfway  between  the  hour  hand  and 
twelve  o’clock  is  south.  Do  you  see  why? 

21.  How  was  time  measured  before 
clocks  were  built?  Look  it  up  in  the  li¬ 
brary. 

22.  Make  a  rough  sundial.  Draw  a 
north-and-south  line  on  a  board.  Set  a 
large  pin  or  knitting  needle  upright  on 
the  line.  Place  the  board  in  the  sun  and 
each  hour  rule  a  line  on  the  shadow  of 
the  pin. 

23.  On  what  day,  at  what  hour,  is 
your  shadow  shortest? 

24.  Is  there  a  spot  on  earth  where  the 
noon  shadow  is  always  the  same? 

25.  Does  the  earth  as  a  whole  receive 
more  sun  energy  in  our  summer  or  in 
our  winter? 

26.  In  Alaska  many  plants  such  as 
tomatoes  grow  faster  than  farther  south. 
Why? 

27.  What  evidence  is  there  that  the 
moon  causes  tides? 

28.  Why  are  the  tides  about  an  hour 
later  each  day? 

29.  Why  do  you  suppose  there  is  little 
or  no  tide  in  lakes? 
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A 

Absolute:  humidity,  494;  zero,  162 
Absorption,  of  energy,  155,  156;  of  food,  299, 
407 

Acetanilid,  392 

Acetic  acid,  91,  102,  104,  105,  431 
Acetylene,  87,  103,  113 
Acid,  92,  94;  defined,  91 
Adreno-cortico-tropic  (ACTH) ,  442 
Aedes,  437 
Aeration  sprays,  61 
Aerial,  radio,  282 
After  image,  232 

Air:  11-44;  and  combustion,  39,  40;  as  a  gas, 
12,  28;  as  matter,  12;  compressed,  24-26; 
cooled,  493,  494;  currents,  492,  493;  hot, 
177,  178;  in  body,  17;  in  high  altitudes,  14; 
in  soil,  17 ;  in  water,  17 ;  liquid,  12 ;  motion, 
492;  pressure,  13-24,  195,  196;  solid,  12; 
water  in,  494;  waves,  286;  weight  of,  12,  13 
Air  compressor,  144 
Airplanes,  22,  23,  150,  292-294 
Air  pump,  12,  16 

Alcohol,  87,  161,  165,  391,  392;  as  solvent,  77, 
78 

Alfalfa,  108,  355,  362,  363,  368,  431 
Alkali,  91 

Alloy,  113,  114,  144 
Altimeter,  14 
Ammeter,  260 

Ammonia,  108,  171;  water,  92,  97 
Ampere,  260,  261,  263,  268 
Amplitude  modulation,  AM,  284 
Animals,  310-312,  337-348;  allies,  450;  deep 
sea,  488,  489;  famous  breed,  341;  reproduc¬ 
tion,  338,  344 
Anode,  256,  257 
Anopheles,  437 
Antarctic  Circle,  531 
Antennae  waves,  284 
Anthers,  330-332 
Antibiotics,  443 
Antibodies,  439 
Antifreeze,  165 
Antiseptics,  101 
Antitoxin,  441 
Aorta,  410 
Aqueduct,  57 

Archimedes*  experiment,  definition,  50 
Areas,  barometric,  499-502 
Argon,  32,  266;  gas,  215 
Aristotle,  512 

Armature,  272-274,  276,  277,  280,  281 

Artery,  410 

Arthritis,  442 

Artificial  light,  214 

Artificial  respiration,  20,  421 

Asexual  reproduction,  334 

Asphyxiation,  20 

Astigmatism,  226 

Astronomy,  512-514 

Atabrine,  110 


Atmosphere,  492 

Atmospheric  pressure,  14, 17,  21,  46 
Atom,  295-299,  302,  304,  306;  smashers,  297, 
302,  304 

Atomic  bomb,  295-297,  300,  302,  304,  305; 
energy,  295,  296,  298,  301,  305;  engines,  296, 
304;  fission,  298,  299;  pile,  301,  304,  305 
Attraction:  electrical,  250;  magnetic,  246 
Audio  waves,  286,  287 
Auditory  nerve,  195 
Aureomycin,  443 
Autoclave,  46 

Automobile,  24,  26,  37,  70,  101,  106,  111,  130, 
132-134,  145,  148,  149;  how  run,  142,  143 
Autonomic  system,  413 
Autumnal  equinox,  532 
Axis,  of  earth,  531 


B 

Bacteria,  30,  32,  37,  59,  61,  66,  87, 101, 108,  110, 
312,  429-435,  443,  453-455;  colonies  of,  429; 
inoculation  with,  430;  in  soil,  351,  352,  355, 
357;  multiplication  of,  429;  poisoning  by, 
431,  432;  protection  against,  432,  433 
Baekeland,  Dr.  L.  K.,  101 
Bakelite,  101,  102 
Barium,  298 
Bark,  324,  325 

Barometer,  aneroid,  14,  15;  Torricellian,  13,  14 
Basalt,  471 

Base,  91,  92;  defined,  91 
Bast,  324 
Battery  jar,  48 

Bearing:  ball,  133;  roller,  133 
Bees,  relation  to  flowers,  332 
Beet,  sugar,  368 
Bell,  Alexander  Graham,  274 
Bell,  electric,  270,  273,  274 
Bell  jar,  14,  16 
Belts,  wind,  503 
Bending  light,  216 
“Bends”  (caisson  disease),  17 
Benzine,  104 
Beriberi,  387 
Beryllium,  298 
Bessemer  converter,  112 
Betelgeuse,  525,  526 
Bifocal  lenses,  226 
Bile,  407 

Binocular  prisms,  232 

Birds:  adaptations  of,  452;  as  insect  destroyers, 
455;  food  of,  450 
Blast  furnace.  111,  112 
Blood  cells,  435 

Body:  care  of,  415-422;  control  of,  411-422; 

feeding,  384-393 
Boiler  scale,  67 
Boiling  point,  46 
Borax,  69,  94 
Boron,  301 
Botulism,  432 
Brain,  414 


548 


INDEX 


Breakers,  487,  488 

Breezes:  land,  sea,  504 

Bridge,  149,  150 

Brine,  in  cold  storage,  172,  173 

British  Thermal  Unit  (B.T.U.),  164 

Broadcasting,  radio,  283,  284,  286,  287 

Bromide,  silver,  221 

Bruno,  Giordano,  512 

Bubonic  plague,  437 

Bud,  319;  scales  of,  319 

Budding,  420 

Bunsen  burner,  87 

Buoyancy  in  water,  49-51 

Burbank,  Luther,  344 

Burner,  Bunsen,  87;  gas,  180;  oil,  180,  181 
Burns,  421;  treatment  of,  40 


c 

Cadmium,  301 

Caisson,  24;  caisson  disease  (“bends”),  17 
Calcium,  350,  357,  388,  389;  arsenate,  106;  car¬ 
bide,  87,  108;  carbonate,  93,  94;  chloride,  68, 
80;  hydroxide,  91,  94;  hypochloride,  88; 
oxide,  94;  phosphate,  483;  sulfate,  68,  94 
Calorie,  164,  388,  389 
Calyx,  331 

Cambium,  317,  324-326 
Camera,  221-228,  230-235;  colors  in,  223; 
image,  223,  228;  light  on  film  of,  229;  motion 
picture,  232;  pinhole,  228 
Camouflage,  208 
Camphor,  107,  381 
Candle,  28;  power,  211,  212,  214 
Cantilever  bridge,  150 
Capillaries,  410,  411 
Capillarity  of  soil,  353 
Capstan,  131 

Carbohydrates,  385,  389,  453 
Carbolic  acid,  96,  101 

Carbon,  29,  30,  86,  88,  104,  112,  113,  213,  254, 
265,  266,  299,  306,  319,  320,  350,  354,  385; 
cycle,  453;  dioxide,  22,  41,  66-68,  74,  78,  87, 
89,  94,  111,  163,  171,  309,  319-321,  338,  353, 
355,  410-412,  426,  430,  453,  459,  483;  disul¬ 
fide,  102;  generation  of,  35;  in  breath,  313; 
monoxide,  87 ;  tetrachloride,  41,  42,  78 
Carbonic  acid  66,  68,  93,  355,  459 
Carborundum,  87 
Carburetor,  143 
Carnotite,  300 
Cartesian  diver,  51 
Cathode,  256,  257 ;  rays,  289-292 
Celanese,  377 
Celestial  space,  525 
Cellophane,  102 

Cells,  309-312;  blood,  435;  defined,  309,  311, 
312;  electric,  254-256,  261,  262,  264,  266, 
269,  272-274,  277,  278;  lining,  30;  photo¬ 
electric,  288,  291 

Cellulose,  105,  362,  264;  acetate,  102;  fibers, 
380;  plastics,  102 
Celsius,  Anders,  161 
Centigrade  scale,  161,  162 
Central  cylinder,  317 
Cerebellum,  414 


Cerebrum,  414 

Chain  reaction,  300 

Chalk,  105;  cliffs,  481 

Changes;  physical,  97;  chemical,  97 

Charcoal,  28-30,  87 

Chemical  properties,  74 

Chloride  of  lime,  88 

Chlorine,  88,  342;  compound,  59,  87 

Chloromycetin,  443 

Chlorophyll,  319,  323,  424;  bodies,  320 

Choke,  87,  111 

Cholera,  45,  57 

Chords,  in  music,  194 

Chromium,  37,  112-114 

Chronometer,  538 

Cilia,  311 

Circuit:  electric,  261,  267-269,  274;  tele¬ 
graphic,  272 

Circulation  of  blood,  411,  412 
Clay,  354;  improving,  354,  355 
Climate:  changing,  504;  modified,  503 
Clothes,  377,  380;  and  chemistry,  377;  color, 
378;  seasonable,  378;  types  of,  376,  377 
Clouds:  33;  cumulus,  497 
Clover,  32,  108,  363 

Coal,  28-30,  37,  39,  86,  101-103,  297,  304,  305, 
481,  483 

Coil,  279-281;  induction,  282,  283 

Cold  front,  497 

Cold  pole,  503 

Colds,  443 

Cold  storage,  173 

Color,  237,  239;  matching  of,  238 

Coloration,  protective,  337 

Color  blindness,  239 

Comet,  510,  512,  520,  521 

Commutator,  276,  280 

Compass:  gyro,  536,  537;  magnetic,  246,  247, 
^  536 

Compound  bar,  159 
Compound  note,  193 

Compounds,  30,  88,  96,  230,  292 ;  chemical,  77 ; 

nitrogen,  31,  32;  oxygen,  29;  water,  80 
Compressed  air,  24,  26,  51,  160 
Compression  stroke,  142 
Condensation,  33 

Conduction:  of  electricity,  251;  of  heat,  167, 
168,  174 

Conglomerate,  480 
Conjugation,  311 

Conservation:  of  energy,  121,  128;  of  matter,  28 
Constellation,  511,  526 
Continents,  503;  use  of,  478 
Convection:  defined,  168,  169;  heating  by,  168; 

of  air,  175-179;  of  water,  177-180 
Copal,  381 
Copernicus,  512,  513 

Copper,  111,  114,  483;  as  conductor,  252,  483; 
sulfate,  80,  92 

Corn,  362 ;  belt,  361 ;  borer,  449 ;  stalk,  326,  362 

Cornea,  224 

Corolla,  331 

Corpuscles,  410,  437 

Cortex,  317 

Cortisone,  442 

Cosmic  rays,  283,  301,  530 
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Cotton,  102,  364,  378;  fibers,  377 

Cotyledons,  333 

Cover  crops,  356 

Cowpox,  439 

Creosote,  381 

Cretin,  415 

Crib,  defined,  57,  58 

Crooke’s  radiometer,  156 

Crops,  360,  361;  rotation,  357 

Cross-fertilization,  331 

Cross-pollination,  331 

Croton  reservoir,  57;  river,  56 

Crystallization,  80 

Crystals,  79,  80;  of  dye,  81;  of  quartz,  216 
Cultivation:  of  bacteria,  429,  430;  of  soil,  353- 
356,  362,  364,  367 
Currents,  ocean,  533 
Curvature,  217 

Cycle:  life,  of  frog,  339;  water,  64 
Cyclone,  499,  500 
Cyclotron,  297,  302 

Cylinder:  of  engine,  142-144;  of  root,  317 

D 

Dakin’s  solution,  88 

Dam,  48,  53-56,  64;  Wheeler,  55 

Darwin,  Charles,  340 

Daughter  cell,  331 

Davy,  Sir  Humphry,  265 

Day,  531,  532 

DDT,  106,  438 

Decay,  66 

Declination,  magnetic,  248 
Decomposition,  82 
Deep-sea:  animals,  488;  plants,  488 
Deliquescence,  80,  84,  85 
Deltas,  462 

Density,  75;  of  air,  12-17;  of  water,  46-51 

Deuterium,  299 

Developer,  222 

Dew,  33,  493 

Diamond,  80,  87 

Diaphragm:  camera,  223;  human,  19,  20;  tele¬ 
phone,  274,  275 
Dichloricide,  107 
Dick  test,  441 
Dicotyledons,  333 
Diesel  engine,  119,  143 
Diet,  principles  of,  418 
Digestion,  299,  406-408 
Diphtheria,  441 
Dirigible,  22 

Disease,  435-444;  control  of,  438-444;  re¬ 
sistance  to,  443 
Disk,  clutch,  148 
Displacement,  49 
Distillation,  70 
Diver,  Cartesian,  51 
Dominance,  law  of,  342 
Doorbell,  261,  274 
Doppler  effect,  235 
Drought,  63 
Drugs,  392 

Dry  farming,  367,  368 
Dry  ice,  29,  41 
Ductless  glands,  415 


Ducts,  326;  tubes,  324 
Duraluminum,  114 
Duration  of  vision,  231 
Duriron,  114 

Dynamo,  53,  121,  279,  280 
Dysentery,  57 

E 

Ear,  195-197;  care  of,  196,  197;  parts  of,  195; 
sound  in,  196 

Earth,  457-490;  age  of,  544;  axis  of,  531;  com¬ 
position  of,  477,  478;  as  magnet,  248;  origin 
of,  543,  544 
Earthquake,  467,  478 
Echo,  188,  189 

Eclipse,  207,  520,  521;  of  moon,  207,  520;  of 
sun,  520;  total,  521 
Edison,  Thomas  A.,  215,  266 
Efficiency,  130 
Efflorescent  solution,  80 
Effort,  124,  130,  132 

Egg,  337-339,  404;  number  of  among  lower 
animals,  338;  cell,  330,  331 
Elasticity,  75 

Electric,  arc,  113;  current,  157;  energy,  30,  256, 
279;  eye,  288,  289;  flatiron,  265;  heater,  265; 
motor,  277;  range,  265;  toaster,  264 
Electricity,  245-307;  appliances,  264^269;  at¬ 
traction,  250,  252 ;  conductors,  250,  251 ; 
clouds,  495;  chemicals,  254-259;  cost,  262, 
263;  current,  252,  260,  280;  danger,  268, 
269;  dry  cells,  254-258,  261,  262;  energy, 
279-281;  heat,  264-269 ;  heating,  180;  insula¬ 
tion,  250-251;  light,  265-269;  measuring, 
260-263;  negative,  250-252;  neutral  sub¬ 
stances,  251;  Ohm’s  Law,  261;  positive, 
250-252;  power,  279-281;  repulsion,  251, 
252;  resistance,  260,  261,  267,  268;  rubbing, 

250,  252,  253;  short  circuit,  268;  theory  of, 

251,  252;  uses,  1,  245;  waves,  282-284;  wet 
cells,  254-258 

Electrodes,  254,  256,  304 
Electrolysis  of  water,  51 
Electrolyte,  254-257 

Electromagnet,  270-276,  280;  doorbell,  273, 
274;  homemade,  270,  277;  industrial,  270, 
271;  motor,  276-278;  polarity,  270;  strength, 
271;  telegraph,  271-273;  telephone,  274,  275, 
278 

Electromotive  force,  260 
Electron,  251-255,  260,  261,  267,  282-292,  295, 
296,  298,  299,  302;  chemical,  254-259;  light¬ 
ning,  252;  radio  tube,  284,  285;  microscope, 
291,  292 

Electroplating,  256-258 
Electrotyping,  257,  258 

Elements,  29-32,  86,  88,  92,  96,  108,  112,  295, 
297-300,  302,  306,  321,  352,  357;  boiling 
point,  76;  food  in  plants,  316;  matter,  76,  77; 
melting  point,  76 
Embryo,  331,  333,  339 
Emulsifying  agent,  79 
Emulsion,  79 

Endocrine  glands,  415,  442 
Endosperm,  333 

Energy,  30,  297,  298,  300;  atomic,  295-306; 
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chemical,  121,  157;  conservation  of,  law, 
121;  definition,  119,  120;  electrical,  53,  121, 
180,  254-259,  279-281  (see  also  electricity)  ; 
friction,  133,  134;  forms  of,  119,  120;  heat, 
121,  153,  279;  horsepower,  122;  inertia,  134; 
kinetic,  120;  life,  530;  light,  264-269,  288, 
414;  measuring,  122;  mechanical,  157;  mo¬ 
mentum,  134;  potential,  120;  radiant,  530; 
source  of,  120,  121,  281,  530;  sun,  305,  306, 
530;  water  power,  53-55,  121,  281 
Engineering,  148 

Engines,  119,  143,  145,  148;  Diesel,  119,  143; 

gas,  142;  solar,  157;  steam,  122,  140,  141,  149 
Enteritis,  57 

Environment,  adaptation  to,  2-6;  changing  of, 
3-6;  definition,  2;  study  of,  5,  6 
Enzymes,  321,  406,  407 
Epidermis,  of  plant,  316,  326 
Epiglottis,  407 

Equator,  486,  487,  532,  537,  544 
Equinox,  532 
Eradicators,  ink,  88,  90 
Ericsson,  150 
Erosion,  463 
Eucalyptol,  381 
Eustachian  tube,  196 
Evaporation,  94,  171,  353 
Expansion,  159 
Explosions,  30,  86,  142 
Explosives,  55 

Eye,  206;  after  image,  232;  care  of,  226-228, 
415,  416;  of  cat,  224,  225;  color  blindness, 
239;  construction  of,  224;  defects  of,  226; 
electric,  288,  289;  judgment  of  distance,  225, 
226;  lens,  216;  glasses,  225,  226;  persistence 
of  vision,  231,  232;  potato,  334;  power  of  ac¬ 
commodation,  226;  tear  glands,  227 

F 

Fahrenheit,  162;  scale,  161 
Fan,  electric,  24,  182 
Faraday,  Michael,  279 

Farm,  360-370;  colonial,  360;  Corn  Belt,  361, 
362;  dairy,  363;  dry,  367,  368;  fruit,  365; 
government  aid  to,  368,  369;  grain,  365; 
insect  control  on,  369,  370;  irrigation,  6,  366, 
367;  meat,  363;  New  England,  360;  of  South, 
364;  products,  376-382;  progressive,  1 
Farsightedness,  226 
Fathometer,  189 
Fatigue,  417 
Fats,  86,  321,  406,  407 
Fault,  467 
Feldspar,  480 
Fermentation,  426,  427 
Ferments,  406 

Fertilization:  in  animals,  338;  in  flowers,  330, 
331;  methods  of,  331,  338 
Fertilizers,  55,  62,  95,  108,  354,  357,  361,  364, 
365,  390,  453 
Fever,  162 

Fiber,  378-380;  cellulose,  380;  of  textiles,  379; 

rope,  380;  twine,  380 
Fibrovascular  bundles,  326 
Filament:  electric,  266;  of  flower,  329,  330; 

radio,  285,  286 


Film,  photographic,  223,  232,  291 
Filter,  water,  79 
Filtrate,  68 

Fire,  12,  31,  37-42;  causes  of,  37,  38;  extin¬ 
guishers,  40-42;  fighting,  39^12;  in  forests, 
366;  prevention  of,  38-40 
First  aids,  419,  422 
Fission,  298,  305,  306,  429 
Fitch,  John,  150 
Fixing,  of  camera,  222 
Flame,  87,  213 
Flatiron,  electric,  265 
Flax,  105,  368,  377,  431 
Flies,  106 
Flood  plain,  462 

Floods,  63,  462;  prevention  of,  63 
Flower,  314,  329-332;  parts  of,  329,  330;  pistil¬ 
late,  332;  staminate,  332 
Focal  length,  233 
Focus,  217,  223,  226,  231 
Fog,  33,  40,  493 

Food,  308,  309,  384-405;  amount  of,  389,  390; 
balance  of,  452^454;  building,  385,  386; 
choice  of,  389,  400;  composition  of,  30,  394- 
400,  405;  cooking,  390;  fuel,  384,  385;  func¬ 
tion  of,  384,  385;  inspection  of,  390,  391; 
lack  of,  386-388;  mineral  of  plants,  350,  351 ; 
need  for,  308,  309,  384,  387 ;  personal  tables, 
394-400;  poisoning,  431,  432;  preservation 
of,  433;  preservatives,  391;  regulating,  386, 
387;  search  for,  454;  test  for  nutrients,  404 
Foot,  115;  candle,  212;  pound,  121 
Force,  13,  121;  cup,  26;  definition  of,  122; 
electromotive,  260;  line  of,  248;  natural, 
509;  pump,  60 

Forest,  63,  349,  371-382;  and  erosion,  356; 
care  of,  371,  372;  conservation  of,  374; 
destruction  of,  37,  373,  374;  fires,  37,  38,  40, 
374;  keeping  clean,  374;  products  of,  376- 
382;  recreation  in,  374;  value  of,  372,  373 
Formaldehyde,  101 
Fossils,  481,  482 
Four-cycle  engine,  142 
Franklin,  Benjamin,  176,  250,  252 
Freezer,  165 

Frequency,  282,  283,  285,  287 

Frequency  modulation,  284 

Frequency,  of  electric  waves,  283,  284 

Friction,  132,  134,  135,  157,  261;  defined,  133 

Frog,  338,  452;  life  cycle  of,  339 

Frost,  493 

Frostbite  29  421 

Fruit,  329,  331,  365;  defined,  331;  fly,  449;  jar, 
13 

Fuel,  30,  157 ;  life,  384 

Fulcrum,  123-126 

Fulton,  Robert,  150 

Fundamental  note,  193 

Fungus,  26,  30,  37,  66,  106,  424,  453 

Fuse,  267,  268 

Fusion,  165,  305,  306 

G 

Galaxy,  525-527,  542 
Galileo,  513 
Galle,  518 
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Galvanometer,  279 
Gambusa,  437 

Gas,  12,  76,  78,  157;  as  fuel,  47,  180;  expansion 
of,  163;  helium,  22;  hydrogen,  22;  illumi¬ 
nating,  22,  158,  214;  inert,  32;  natural,  32, 
157 

Gas  heater,  47 

Gasoline  engine,  142,  145,  150;  lamp,  215 

Gastric  juice,  407 

Gear,  134;  high,  148;  low,  148 

Geiger  counter,  304 

Gelatin,  221 

Gemini,  510 

Generator,  electrical,  86,  252,  281 

Germicides,  435 

Germinal  spot,  338 

Germs,  417,  435-444;  of  anthrax,  8 

Gills,  8 

Glacial,  debris,  471,  473;  scratches,  471;  till, 
471 

Glaciers,  470-473 

Glands,  415,  442 

Glass,  102,  240 

Glycerine,  96 

Glycogen,  412 

Goiter,  412 

Gold,  111,  383 

Grafting,  333,  334 

Grains,  328,  366;  measure,  115 

Gram,  116 

Granite,  479,  482 

Graphite,  86,  301 

Gravitation,  518,  530 

Gravity,  pull,  516;  water  system,  56,  57 

Greenland  ice  cap,  473 

Green  manure,  351,  354 

Greenwich  time,  535,  538 

Grid,  285,  286 

Grindstone,  482 

Growth,  311,  312 

Guayule,  381 

Guided  rockets,  294 

Gum,  arabic,  79,  380;  tragacanth,  380 

“Gumbo”  road,  355 

Gunpowder,  30 

Gypsy  moth,  374 

Gyrocompass,  536,  537 

Gyroscope,  536,  537 

H 

Hailstones,  496 
Halley’s  Comet,  521 
Harrowing,  353 
Hay,  363,  366 

Health,  383-422;  battalion,  444 
Hearing.  195,  196 
Heart,  410,  411 
Heartwood,  326 

Heat,  153-184;  absorption,  155,  156,  158;  char¬ 
acteristics  of,  154-156;  conditioning,  167- 
169;  control  of,  160;  defined,  156;  effects  of, 
159-166,  174;  electric,  264-269;  energy,  153, 
154,  279;  hidden,  164;  latent,  164;  measure¬ 
ment  of,  164;  of  evaporation,  164,  172,  175; 
of  fusion,  165;  of  vaporization,  164,  171,  178; 


physical  state,  165;  radiation,  169;  reflection, 
155,  156;  sources,  156,  157;  temperature, 
163;  theory  of,  156;  transmission  of,  155, 
169,  173;  universal  need  of,  2,  153;  use  of, 
176-184;  waves,  154,  155,  283 
Heater,  electric,  265 

Heating  in  home,  176-183;  by  electricity,  264, 
265;  by  hot  water,  179,  180;  by  steam,  178, 
179;  by  stove,  177;  by  warm  air,  177,  178 
Heavens:  as  clock,  533,  534;  determine  loca¬ 
tion,  533;  influence  of,  530;  life  in,  544 
Helium,  22,  32,  295,  298,  306,  514 
Hemoglobin,  412 
Hemp,  380 
Henry,  Joseph,  270 

Heredity,  369;  laws  of,  340-343;  use  of  laws  of, 
343-345 

Hertzian  waves,  282 
High-pressure  areas,  503 
Hilum,  defined,  333 
Hormones,  110,  415,  442,  443 
Horse  latitudes,  503 
Horse  power,  122 

Hot-water:  boiler,  47;  heating,  179,  180 
Humidity,  181,  494,  505,  506;  absolute,  494; 
relative,  494 

Humus,  88,  351,  353-355,  357 
Hybrids,  342 
Hydrocarbons,  104 

Hydrochloric  acid,  68,  86,  88,  91,  92,  95,  157, 
407 

Hydroelectric  plants,  53-55;  turbine  of,  54 
Hydrogen,  22,  30,  81,  87,  91,  92,  104,  108,  162, 
295,  296,  298,  299,  305,  306,  319,  385,  501; 
bomb,  305;  characteristics,  86;  collecting, 
89;  generation  of,  86,  89;  heavy,  298,  299; 
importance  of,  86,  350;  in  plants,  316;  in 
water,  51,  86,  319;  oxide,  29 
Hydrometer,  256 
Hydroponics,  109 
Hydroxide,  91 
Hygrometer,  494 
Hypo,  78,  222 
Hypocaust,  176 

Hypocotyl,  332,  333;  defined,  333 
Hypothesis:  nebular,  543;  planetesimal,  544 

I 

Ice,  29,  173;  dry,  29,  427;  refrigerator,  171 

Ice  age,  and  soil,  470,  473 

Ice  cream,  29 

Igneous  rock,  478 

Ignition,  142 

Image,  208,  209,  230,  231;  in  camera,  223,  228; 
in  eye,  225,  226;  real,  217,  230;  virtual,  209, 
217,  218,  230 

Impoundment,  of  water,  64 
Incandescence,  215;  incandescent  lamp,  215, 
231,  266,  267 

Incidence,  angle  of,  208,  219 
Inclined  plane,  132,  140;  screw,  133 
Incubation,  defined,  339 
Indicators,  of  acidity,  93 
Indigo,  88,  103 
Inertia,  134,  135;  law  of,  134 
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Infra-red  rays,  283,  530 
Inorganic  matter,  88,  89;  substances,  89 
Insects,  26,  106,  369,  435,  449,  450,  452 
Insulation:  electricity,  251;  heat,  169-171, 
175;  of  fireless  cooker,  170;  of  houses,  171; 
of  refrigerator,  171-173;  of  thermos  bottle, 
169 

International  Date  Line,  535 
Intestine,  406-408,  411 
Iodine,  60,  300,  419,  489 
Iris  224 

Iron,  37,  39,  49,  80,  87,  104,  111-114,  295,  350, 
388,  389,  472,  477;  as  electric  conductor,  264; 
oxide,  29;  pig,  112;  steel,  112-114;  wire,  28 
Irrigation,  365-367 
Island  universe,  526 
Isotopes,  298-300,  302 


J 

Japanese  beetle,  449 
Javelle  water,  88 
Jenner,  Edward,  438 
Jet  engine,  144 
Jet-propelled  planes,  144 
Jetty,  472 
Jupiter,  519 
Jute,  380 


K 

Kaolin,  354 

Kepler,  Johann,  505 

Kerosene,  38,  104,  106;  lamp,  214 

Key,  telegraph,  272 

Kidney,  30,  404 

Kilocycle,  283 

Kilowatt,  263;  kilowatt  hours,  262 
Kinetic  energy,  120,  122 
Koch,  Robert,  7 
Krypton,  298 


L 

Lacquer,  105,  106 
Lacteals,  408 

Land:  acid,  93;  breeze,  504;  erosion,  356,  373, 
462;  shifting,  462,  sour,  93 
Larva,  436-438 
Larynx,  197 
Latex,  381 
Latitude,  533,  537 
Lava,  467-469 

Laws,  Newtonian,  518;  of  conservation  of  en¬ 
ergy,  121;  of  definite  proportions,  77;  of 
heredity,  341;  of  inverse  squares,  212;  of 
levers,  124;  of  magnets,  247;  of  reflection, 
208 

Lazear,  Dr.  Jesse,  436 
Lead,  102,  114,  297,  483;  in  pencil,  86 
Leaf,  314,  319-323;  construction,  319,  320; 
dead,  322;  digestion  of  food,  320,  321;  for 
defense,  322;  functions  of,  321,  322;  life 
cycle,  322;  needles,  322;  purpose,  319;  scars, 
327 

Leeuwenhoek,  423 


Lens,  230-235;  concave,  217,  226,  234;  con¬ 
vergent,  216,  217 ;  convex,  221,  224,  226,  232, 
233;  divergent,  216,  217;  focal  length,  233; 
image,  233;  magnifying,  230;  of  camera, 
223;  of  eye,  224;  photographic,  221;  tele< 
scopic,  285 
Lenticels,  327 

Lever,  123,  125,  129,  130,  135,  140;  classes  of, 
124,  125;  in  body,  126;  law  of,  124;  uses  of, 
125,126 
Leverrier,  518 

Life:  adaptation,  446,  447,  452;  balance  of, 
445,  456;  necessities  of,  308,  309;  on  other 
plsncts  544 

Light,  2,  205-243;  artificial,  214,  215;  behavior 
of,  211,  218;  chemical  changes  from,  221; 
color,  223,  237-243;  curative,  242;  diffusion 
of,  212,  213,  219;  direct,  212,  213;  direction, 
218;  electric,  265,  266;  in  photography,  228; 
indirect,  212,  213;  intensity,  220;  law  of  in¬ 
verse  squares,  212;  luminosity,  207;  mono¬ 
chromatic,  237-243;  necessity  for,  205;  re¬ 
flection  of,  219;  refraction  of,  216,  219,  220; 
speed,  188;  wave  lengths,  237-243,  282; 
year,  526 

Lightning,  231,  252,  496 
Lime,  66,  93,  350,  355-357,  362 
Limekiln,  93 

Limestone,  66-68,  87,  93,  94,  101-103,  111, 
481,  483 

Limewater,  29,  30,  40,  94 

Linen,  377,  431 

Linter,  364 

Lippershey,  513 

Liquid,  78;  thermometers,  160 

Lister,  Joseph,  435 

Liter,  69,  116 

Litmus,  92;  paper,  93 

Liver,  407 ;  sugar  in,  412 

Loam,  355 

Lockjaw,  441 

Locomotive,  134,  145 

Lodestone,  246 

Loess,  473 

Longitude,  538 

Loran,  294 

Low-pressure  area,  503 

Luminous ;  band,  526 ;  bodies,  207 ;  clouds,  525 
Lungs,  20,  30,  418 
Lye,  85,  91 


M 

Machine,  133,  135;  definition,  123;  simple,  123. 
129  135 

Machinery,  53,  123-150,  153;  function  of,  135; 
farm,  1,  366,  367;  mechanical  advantage, 
130;  primitive,  140 
Magnesium,  114,  266,  302,  316 
Magnet,  246-248,  271;  bar,  281;  “floating,” 
249;  law  of,  247;  telephone,  275 
Magnetic:  declination,  248;  field,  247-249, 
279-281;  maps,  247,  248 
Magnetism,  245-249;  of  compass,  246-248, 
528;  uses,  245;  see  also  electromagnet 
Magnetite,  266 
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Magnifier,  230 

Malaria,  106,  437 

Malleability,  75 

Mammals,  338,  339 

Manganese,  113,  114;  dioxide,  254 

Manometer,  48;  homemade,  48 

Manure,  355,  357 

Map,  magnetic,  248 

Marble,  66,  68,  93,  105,  483 

Marconi,  Guglielmo,  282 

Mars  519  544 

Matter,  12,  28,  73-85,  295,  306;  action  of,  80- 
81;  changes  in,  75,  76;  composition  of,  80, 
81,  85;  definition  of,  74;  density  of,  75;  ele¬ 
ments  of,  76;  form  of,  75;  inorganic,  88; 
organic,  88;  properties  of,  74,  75,  81,  82;  pus, 
435;  states  of,  76;  substances  of,  76;  volume 
of,  75;  weight  of,  75 
McCormick,  Cyrus,  366 

Measuring,  115-118;  standards  of,  117;  units 
of,  115 

Meat,  363,  384-386;  poisoning,  432 
Mechanical:  advantage,  130,  132;  energy,  280; 
power,  140 

Medicines,  patent,  392 
Medulla  oblongata,  414 

Melting  point,  166;  of  electric  wires,  268;  of 
elements,  76,  165 
Membrane,  cell,  310,  321 
Mendel,  Gregor,  340 
Mendelian  laws,  342,  343 
Mendelian  theory,  340-344 
Meningitis,  443 

MprniTip  nyiflp  9R 

Mercury,  13,  14,  22,  160,  161,  163;  planet,  544 

Meridian,  534,  535;  of  longitude,  533 

Metals,  111,  113,  114 

Metamorphic,  481 

Meteor,  510,  520-522,  543 

Meter,  electric,  262 

Metric  system,  115-117;  units  of,  115,  116 
Mica,  198,  480 
Micro-organisms,  435 
Microphone,  275,  290,  291 
Micropyle:  defined,  333 
Microscope,  205,  230,  235,  292,  317,  423;  com¬ 
pound,  230 

Microscopic:  animals,  312;  plants,  312;  world, 
423 

Mildews,  426 

Mile,  115;  derivation  of,  115 

Milk,  32,  363;  sanitary  conditions,  432,  433; 

weight  of,  10;  see  also  dairy  farm 
Milk  of  magnesia,  91 
Milky  Way,  511,  513,  524-526 
Millikan,  Dr.  Robert,  283 
Minerals,  66,  80,  352,  388,  389,  480;  elements, 
350,  355;  food,  350;  matter,  67 
Mirror,  208-210,  218,  219;  laws  of,  208-211; 

types  of,  208-211;  uses  of,  230 
Molds,  424-426,  431,  443;  nature  of,  424,  425; 

needs  of,  425,  426 
Molecular  motion,  156,  157,  162,  167 
Molecules,  80,  81,  95,  97,  101, 104, 156, 157,  167 
Momentum,  135 
Monocotyledons,  333 


Moon,  207,  510,  519,  520;  eclipse  of,  520;  orbit 
of,  520;  phases  of,  520;  surface  of,  519; 
transmission  of  sound  on,  188 
Morse,  Samuel  F.  B.,  271 
Mosquitoes,  106,  107,  436,  437 
Motion,  134;  laws  of,  134,  135 
Motion  pictures,  205,  232;  projection,  266; 

sound,  290,  291 
Motor,  electric,  276-278 

Mountains,  466,  467,  504;  air  pressure  on,  13, 
14;  mountain  time,  534;  old,  466;  sickness, 
15;  young,  466 
Mucus,  442 
Muscle  Shoals,  54 

Music,  194;  chords,  194;  compound  notes,  193; 
distinct  from  noise,  194;  fundamentals,  193; 
instruments,  197,  200-203;  origin,  185;  over¬ 
tones  of,  193;  production  of,  200;  shell,  191; 
vibrations  of,  194 
Mutations  and  sports,  343 
Mycelium,  424 

N 

Natural  bodies,  509 
Natural  gas,  32,  102 
Natural  selection,  340 

Nature,  449,  453,  455;  gifts  of,  2;  man’s  adap¬ 
tation  to,  471-473 
Nautical  Almanac,  537 
Nebula,  510,  512,  514,  526,  527,  530,  542,  543 
Nebular  hypothesis,  543 
Nectar,  332 

Negative:  electricity,  250;  of  camera,  222 

Neon:  gas,  32;  signs,  231 

Neoprene,  103 

Neptune,  300,  518 

Neptunium,  300 

Nerve,  413;  cells,  413,  414;  pathways,  414; 

system,  415 
Neutralization,  91,  92 
Neutral  substance,  93,  251 
Neutrons,  295,  298-301,  306 
Newton,  Sir  Isaac,  135,  237,  518 
Niacin,  386 

Nichrome,  265;  wire,  264 
Nitrates,  54,  55,  352 
Nitrocellulose,  31 

Nitrogen,  22,  31,  32,  54,  108,  215,  266,  306,  321, 
350-354,  357,  431,  453,  454;  compounds,  31, 
32;  cycle,  453;  fertilizer,  483 
Nitroglycerine,  30 
Nodules,  343 
North  Pole,  531 

Nucleus,  of  atom,  295,  297,  298,  302,  304-306; 

of  cell,  310,  311,  413 
Nylon,  378 

O 

Oats,  351,  357,  360,  364,  365 
Obsidian,  479 

Ocean,  485-490;  bottom  of,  486;  currents  of, 
486,  487,  533;  depth,  485;  effect  on  climate, 
503;  life  in,  488;  salt  content  of,  94,  95,  488, 
544;  solution,  488;  tides,  530;  use  to  man, 
489;  waves,  487,  488 
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Oersted,  245 
Ohm,  261;  law,  261 

Oil:  heating,  157,  180,  181;  light,  214;  petro¬ 
leum,  103,  104;  refrigerator,  172 
Old  Stone  Age,  489 
Opera  glass,  233 
Orchestra,  200-204 

Ores,  111;  aluminum,  483;  copper,  483;  iron, 
483;  lead,  483 

Organic:  matter,  355,  357;  substances,  88,  89 

Organisms,  88 

Origin  of  species,  340 

Orion,  510,  526 

Oscillation,  286 

Osmosis,  315,  316,  321,  407 

Ovary,  330,  331 

Overtones,  193 

Ovule,  330,  331,  333 

Ovum,  338 

Oxidation,  29-31,  39,  105,  153,  157,  299,  384, 
453;  definition,  29,  30;  explosions,  30,  31; 
fire,  40;  in  industry,  30;  of  hydrogen,  86; 
protection  against,  37-44 ;  slow,  37 ;  spon¬ 
taneous  combustion,  37 
Oxides,  29,  30,  37,  89,  214 
Oxygen,  16,  22,  28-31,  40-42,  51,  61,  75,  81,  86, 
91,  92,  96,  113,  144,  162,  295,  298,  306,  308, 
312,  319,  338,  350,  384,  385,  411;  amount  in 
air,  31,  36;  characteristics,  28,  165;  combus¬ 
tion,  39;  discovery,  28;  generation  of,  33,  34; 
in  high  altitudes,  14,  16;  universal  need,  2, 
308,  316,  319;  water,  51 


P 

Paddle  wheels,  150 
Paint,  29,  37,  104,  105 
Palisade  layer,  320 
Panchromatic  films,  223 
Pancreas,  407 
Parachute,  23,  24 
Paramecium,  311,  312,  325 
Pascal,  Blaise,  14 
Pasteur,  Louis,  8,  435 
Pasteurization,  433 
Patent  medicine,  392 
Peduncle,  329 
Pellagra,  388 
Pendulum,  120 
Penicillin,  110,  426,  443 
Penstock,  53 
Penumbra,  206 
Pepsin,  407 
Peptones,  407 

Percussion  instruments,  200,  203 

Permutite,  69 

Petal,  329,  332 

Petioles,  319 

Petri  dish,  429 

Petroleum,  102-104,  157,  214 

Phenacetin,  392 

Phenolphthalein,  93 

Phloem,  324 

Phonograph,  198 

Phosphate  rocks,  483 

Phosphates,  55,  108 


Phosphorus,  28,  31,  39,  108,  299,  316,  321,  350, 
353,  354,  357,  385;  phosphorus  oxide,  29 
Photo-electric  cell,  288,  291 
Photography,  221,  223 
Photosynthesis,  319-321,  453 
Physical  changes  of  matter,  97;  properties,  74 
Pig  iron,  112 

Pipe,  aqueduct,  56 ;  coil,  47 

Pistil,  329-332;  pistillate  flowers,  332 

Piston,  21,  24,  140-142,  145 

Pitch,  192,  193,  202 

Pitchblende,  300 

Pith,  324,  326 ;  ball,  186 ;  rays,  325,  375 
Pituitary,  442 
Plague,  45,  437 

Plains,  462,  463 ;  erosion  of,  462 
Planet,  300,  510,  511,  517,  520,  525,  526,  542, 
544;  relative  size,  517;  revolution,  517 
Planetesimal,  543;  hypothesis,  544 
Plants:  adaptation  of,  3;  construction,  314; 
deep-sea,  488;  direction  of  growth,  318; 
fungi,  424;  leguminous,  351,  364;  living, 
314-336;  method  of  growth,  331,  334,  335; 
microscopic,  424-434;  need  of  minerals,  316, 
350,  355;  need  of  sun,  319;  need  of  water, 
314,  315;  of  one  cell,  312;  products,  380, 
381;  vegetative  reproduction,  334;  waste,  321, 
323 

Plasma,  410 
Plaster  of  paris,  94 

Plastic,  73,  101;  cellulose,  102;  rocks,  477 

Plate  circuit,  285,  286 

Pleiades,  510 

Plexiglas,  102 

Plummets,  485 

Plumule,  defined,  333 

Pluto,  301,  519 

Plutonium,  301 

Pneumatic  tube,  24 

Pneumonia,  419,  443 

Polar  Canadian,  496;  air,  497 

Polar  continental  air  mass,  496,  497,  499 

Polar  maritime  air,  498 

Polaris,  510 

Polarity,  of  electromagnet,  270 
Poles:  geographic,  247;  magnetic,  246-248,  270, 
271;  276,277 

Pollen,  330,  331;  pollen  tube,  330,  331,  333 
Pollination,  330-332;  cross,  331 
Pollution,  58 
Polonium,  297 
Polycotyledons,  333 
Porcelain,  265 
Portal  circulation,  412 
Potash,  108;  fertilizer,  95;  lye,  91,  96 
Potassium,  289,  316,  350,  353,  354;  chlorate,  88; 
chromium,  102;  hydroxide,  91,  92,  96;  hypo- 
chloride,  88;  nitrate,  30;  salts,  95 
Potential  energy,  120,  122 
Power,  54,  55,  145,  226,  279-281,  372;  defined, 
122;  electric,  54,  279;  horse,  122;  stroke, 
142;  water,  30,  55,  108,  157,  281,  372 
Pressure:  barometric,  13-16;  cooker,  46;  elec¬ 
tric,  260;  gauge,  48;  system,  60;  water,  49, 
50 

Prevailing  westerlies,  503 
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Priestley,  Joseph,  28 
Printing,  color,  239 
Prism,  80,  237 

Projector,  motion  picture,  232 
Prominences,  solar,  516 
Proteins,  32,  86,  321,  352,  385,  386,  406,  407 
Protons,  251,  252,  295,  298,  299,  302,  306;  in 
lightning,  252 

Protoplasm,  310,  312,  316,  331,  385,  413;  de¬ 
fined,  309 
Protozoa,  309,  311 
Protractor,  219 
Ptyalin,  406 

Public  address  system,  275 
Pudding  stone,  480 

Pulley,  129-131, 135;  definition,  129;  efficiency, 
131 

Pulmonary  circulation,  412 
Pulp  wood,  380 
Pumice,  479 

Pump,  24,  41;  air,  12,  16;  force,  21;  lift,  21; 

pumping  system,  57 
Pupil,  of  eye,  224,  226 
Pus,  435 
Pylorus,  407 
Pyralin,  102 
Pyramids,  80 


Q 

Quart,  80,  240,  480;  crystals  of,  216 
Quicklime,  94 
Quinine,  110,  437 

R 

Radar,  292,  293 
Radial  section,  328 
Radiant  energy,  154-156 
Radiation,  169,  299,  303,  304,  306 
Radiators,  160,  182 

Radio,  245,  282-293;  aerial,  282;  altimeter, 
294;  broadcasting,  283,  284;  crystal  receiver, 

287,  frequency,  283;  grid  tube,  286;  micro¬ 
phone,  284,  285;  reception,  284;  signals,  292, 
293;  tubes,  285,  286;  waves,  282-284,  287, 

288,  290,  293 

Radioactivity,  297-300,  303,  504 
Radioisotopes,  299,  302,  304 
Radiometer,  157 
Radiosonde,  501 
Radium,  297-299,  303,  306 
Railroads,  145,  146,  148,  149,  368 
Rain,  33,  63,  492;  water,  66,  70,  357 
Rainbow,  237,  239,  514 
Range,  electric,  265 
Ratios,  of  vibration,  194 
Rayon,  102,  378;  celanese,  377 
Rays,  alpha,  298;  beta,  298;  cathode,  289-292, 
cosmic,  283,  301,  530;  gamma,  298;  infra¬ 
red,  283,  530;  light,  217,  514,  542;  sun,  216, 
240,  387,  530-532 
Reaction,  93 

Receiver,  radio,  287;  telephone,  274,  275,  278; 
television,  290 

Reclamation,  of  swamps,  368 
Rectilinear,  140 


Reed,  Major  Walter,  436 
Reflection:  angles  of,  208;  diffuse,  211;  heat, 
154-156;  law  of,  208;  light,  207-209,  218; 
metal,  264;  mirror,  208-211;  sound,  188-190 
Reflects,  155,  156 
Reflex  actions,  413 

Refraction,  216;  of  light,  216,  219,  220 
Refrigeration,  432,  433 

Refrigerator,  169,  171,  172;  electric,  171,  172; 

gas,  172;  ice,  171;  oil,  172 
Relapsing  fever,  438 
Relative  humidity,  494 ;  table  of,  505 
Renal  circulation,  412 

Reproduction:  sporangium,  425;  conjugation, 
425 

Repulsion,  electrical,  250 
Reservoirs,  57,  59 
Resins,  381 

Resistance,  124-126,  130,  141,  261;  electrical, 
260,  267,  268 

Respiration:  artificial,  20,  421;  of  animals  and 
plants,  312,  313 
Rest,  417 

Retina,  224-226,  231,  239 
Retting,  377 
Riboflavin,  386 
Rice,  365 
Rickets,  387 
Rind,  326 
Ring  scars,  327 
Riveting,  112 
Rocket  engine,  144 
Rockets  144  294 

Rocks,  467,  477-482;  basalt,  479;  composition, 
479,  480;  fertilized  from,  482,  483;  folded 
layers,  466;  granite,  479;  igneous,  478; 
layers  of,  467 ;  lava,  467,  468 ;  limestone,  481 ; 
melt,  467;  new,  481;  obsidian,  479;  old,  481; 
pumice,  479;  sedimentary,  480;  slipping, 
467;  soil,  459;  splitting,  467;  transformed, 
481;  use  of,  482;  water,  480;  wrinkle,  466 
Roots,  314-318,  321;  anchor,  362;  cells  of,  315, 
317;  fleshy,  318 
Rosin,  381 
Rotary  motion,  142 
Rotation  of  crops,  359,  361 
Roughage,  389 
Rubber,  48,  381 
Rye,  355,  365 


_  S 

Sal  ammoniac,  88,  254 
Saliva,  406,  412 

Salt,  69,  101,  103;  beds,  95;  crystallization  of, 
79,  80;  of  ocean,  94;  potassium,  95;  prepara¬ 
tion,  95;  soluble,  94 

Sand,  59,  102,  353,  355;  blast,  26;  filter,  61 

Sandstone,  463,  480,  482 

Sap,  324,  326,  328;  cell,  316;  sapwood,  326 

Saturn,  519 
Scar,  bud-scale,  327 
Scarlet  fever,  197 
Schick  test,  441 
Screen  grid  tube,  286 

Screws,  22,  132,  133,  138,  139;  propeller,  150 
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Scurvy,  386,  387 

Sea :  level  of,  14,  16,  46 ;  life  in,  488 ;  science  of, 
485;  service  of,  481;  solution,  488;  supplies, 
489;  seashore,  463 
Seasons,  490,  491 
Sediment,  480 
Sedimentary  rocks,  480,  481 
Seed,  329,  331,  333 
Seesaw,  125 

Segregation,  law  of,  343 
Seismograph,  478,  484 
Selenium,  102 
Self-fertilization,  331 
Sepal,  329 
Septic  tank,  61 
Serum,  441 
Settling  basin,  61 
Seven  Sleepers,  510 
Sewage  disposal,  61 
Sextant,  537 
Shadows,  74,  206,  207 
Shale,  480,  481 
Shears,  125,  126 
Sheave,  129 
Shellac,  78,  105 

Ship,  154;  buoyancy,  50,  51;  capstan,  130 

Short  circuit,  268 

Sieve  tubes,  324 

Silica,  105,  486 

Silicon,  113,  114 

Silk,  362,  377 

Silo,  362 

Silt  loam,  355 

Silver,  483;  bromide,  221;  cleaning,  259;  salts, 

221 

Siphon,  19 
Sisal,  380 

Skeleton,  of  cat,  446 

Skids,  132 

Skin,  care  of,  419 

Skull:  cat,  447;  cow,  447;  squirrel,  447 
Skunk  cabbage,  2 
Sky,  510-514 
Slag,  112 

Slaked  lime,  91,  94 
Slate,  483 

Sleeping  sickness,  438 
Slide  valve,  140 
Slip,  of  plant,  333,  334 
Slip  rings,  280 
Sludge,  62 
Smallpox,  439 
Smelting,  111 
Snow,  33,  41 

Soap,  69,  99-100;  in  washing  compounds,  96; 
lather,  66;  making,  96 

Soda,  102;  as  fire  extinguisher,  41;  lye,  96; 
soda  water,  29,  78 

Sodium,  350,  357;  bicarbonate,  41,  42;  car¬ 
bonate,  96;  chlorate,  107 ;  chloride,  88,  92,  95; 
hydroxide,  22,  91,  92,  95,  96;  hypochloride, 
88;  nitrate,  94 
Soft  coal,  481 
Softening  water,  67-71 

Soil,  17,  29,  32,  59,  108,  109,  155,  349-357,  362, 
366;  air  in,  17;  alkaline,  355,  356;  care  of, 


350;  control  of,  352,  353;  crop  rotation,  357, 
361;  cultivation,  353;  elements  needed  by, 
350,  355;  exhaustion,  361;  formation,  459; 
glacial,  473;  of  New  England,  360;  of  west, 
360,  361;  oxygen  in,  29;  sour,  355;  volcanic, 
^  473 

Solar  energy,  281 
Solar  system,  510,  536 
Solids,  78,  80 
Solstice,  531,  532 
Solute,  77 

Solution,  77-79,  83,  92;  definition,  77 

Solvent,  78,  105 

Sonic  altimeter,  189 

Sonometer,  192 

Sorghums,  368 

Sound,  185-204;  absorption,  189;  loudness, 
192;  pitch,  192-194;  speed,  188,  191;  timbre, 
192-194;  track,  290;  transmission  of,  186- 
189;  waves,  186-190,  195,  196,  287,  291 
Sounder,  telegraph,  272 
Sour,  91 
Sourstuff,  118 
Southern  Cross,  511 
South  Pole,  531;  of  magnet,  246 
Space,  512 
Specific  gravity,  75 
Spectroscope,  514,  516,  542 
Spectrum,  237,  514,  542;  of  stars,  530 
Sperm  cell,  331,  338 
Spiracles,  8 
Splint,  420 

Spontaneous  combustion,  37 

Sporangium,  424,  425 

Spores,  424^427 

Sports  or  mutations,  343 

Sprain,  421 

Spraying,  26 

Springs,  60 

Stalactites,  67 

Stalagmites,  67 

Stamen,  329,  331;  staminate  flowers,  330,  332 
Standard  candle,  211,  212 
Standard  time,  534 
Standpipes,  57 

Star,  230,  510-514,  525,  530;  defined,  525;  dis¬ 
tance,  526;  history  of,  542,  543;  number  of, 
525;  speed  of,  542;  structure,  542 
Starch,  87,  88,  319-321,  385,  406,  407 
Steam:  boat,  150;  engine,  122,  140,  141,  149; 
heating,  178,  179;  power  of,  46;  turbine,  141, 
142 

Steel,  112-114 

Stem,  of  plants,  314,  321,  324^327,  329,  333; 

function  of,  324;  indicators  of  age,  324,  325 
Stephenson,  George,  145 
Sterilization,  429 
Stigma,  330,  332 
Stoma,  of  leaf,  320,  321 
Stomach,  406,  407 
Stone  Age,  176 

Storage  battery,  143,  256,  260 
Storage  cell  (car),  255 
Storm,  magnetic,  530 
Stove,  47,  176,  177,  181 
Stratified  rock,  466 
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Stratosphere,  492 
Stratum,  458,  459,  466,  467,  480 
Streptococcus,  443 
Streptomycin,  426,  443 
Stringed  instruments,  200,  201 
Style,  330 

Subatomic,  295,  296,  306 
Submarine,  24,  26,  48,  5l 
Substance:  neutral,  93;  simple,  76 
Suction,  19 

Sugar,  79,  87,  320,  385;  beets,  364,  368;  cane, 
385 

Sulfur,  28,  33,  34,  42,  76,  83,  106,  111,  175,  316, 
321;  dioxide,  171;  oxide,  29;  sulfate,  42,  71, 
80,  83-85,  92,  94,  96,  256-259;  sulfuric  acid, 
41,  43,  89,  108,  255,  258 
Sun,  239,  281,  305,  306,  320,  515,  518,  525,  526, 
530,  537 ;  and  ocean  currents,  533 ;  eclipse, 
520,  521;  energy  of,  157,  530;  family  of,  516, 
517;  heat  of,  515,  516;  orbit,  518;  promi¬ 
nences,  516;  size  of,  516,  517;  sunlight,  221, 
240,  309,  319,  320,  324,  531;  spots,  516 
Supersaturation,  defined,  78 
Supersonic  vibrations,  189 
Superstition,  6 
Survival  of  the  fittest,  340 
Suspension,  79;  construction,  150 
Swamp  reclamation,  368 
Switch,  electric,  267,  273 
Symbols,  chemical,  95 
Sympathetic  system,  413 
Synthetic  rubber,  102,  103 
Systemic  circulation,  411 

T 

Tadpole,  338 

Talking  pictures,  290,  291 
Taurus,  510 
Tear  glands,  227 
Teeth,  care  of,  409,  410 
Telegraph,  271-273 
Telegraphy,  282,  283 

Telephone,  275;  how  it  works,  274,  275;  long¬ 
distance,  286;  radio,  284,  288 
Telescope,  230,  510,  513,  516,  518,  525,  526; 

reflecting,  210 
Teletype,  273 
Television,  289,  290 

Temperature,  78,  159,  160,  165,  177;  body,  162; 
distinct  from  heat,  163;  kindling,  39,  42; 
winter,  503 
Tenacity,  75 
Tendrils,  321,  322 
Terminal  moraine,  471 
Tetanus,  441 
Tetraethyl  lead,  104 

Thermometer,  air,  163;  centigrade,  162;  clin¬ 
ical,  162;  doctor’s,  162,  163;  dry  bulb,  494; 
electric,  160;  Fahrenheit,  162;  house,  161; 
liquid,  160;  maximum,  164;  minimum,  164; 
scales,  161;  water,  161;  wet  bulb,  494 
Thermoplastics,  101 
Thermos  bottle,  169,  170 
Thermostat,  160,  177,  265 
Thiamin,  386,  387 
Thorax,  20 


Thorium,  214,  297 

Thunder,  496;  storm,  252,  494^496 

Thyroid,  300,  415 

Thyroxin,  110 

Tide,  535;  spring,  536;  neap,  536 
Timbre,  of  sound,  192 

Time:  Central,  534;  Eastern  Standard,  534; 

measure,  538;  Mountain,  534;  Pacific,  534 
Tincture,  77 
Tires,  pneumatic,  24,  26 
Tissues,  310,  311 
Titanium  oxide,  104 
TNT,  30 

Toaster,  electric,  264 

Tobacco,  392,  393 

Tornado,  500 

Torricelli,  Evangelista,  14 

Tourniquet,  419,  421 

Toxin,  304,  439-441;  toxin-antitoxin,  441 

Toxoid,  441 

Trachea,  19,  197 

Translucence,  206 

Transmission,  of  radiant  energy,  154-156 
Transmitter :  telegraph,  272 ;  telephone,  274, 275, 
278;  talking  pictures,  291;  radio,  284,  294 
Transparence,  206 
Transpiration,  321 
Transportation,  145 

Trees:  adaptation  of,  3;  age  of,  325;  beauty, 
371;  care  of,  371,  372;  heartwood  of,  326; 
shedding,  322,  323 
Tritium,  299 
Troposphere,  492 

Tube:  neon,  32;  pneumatic,  24;  radio,  284,  285; 

vacuum,  285-290 
Tuberculin,  442 

Tuberculosis,  429,  438,  441,  442 
Tularemia,  443 
Tungsten,  112,  114,  215,  266 
Tuning  fork,  186,  192,  194 
Turbines:  gas,  143, 144;  steam,  141,  142;  water, 
53,  54 

Turpentine,  105,  381 
TVA,  54,  55 
Twins,  510 
“Twister,”  500 
Tympanic  membrane,  195 
Typhoid,  45,  57,  60,  430,  438,  439 
Typhus  fever,  106,  107,  438,  443 
Tyrothricin,  443 

U 

Ultraviolet:  rays,  216,  240,  387,  530;  waves, 
283 

Umbra,  206 

Unit  characters,  law  of,  342 
United  States  inspectors,  443;  Soil  Conserva¬ 
tion  Service,  54 
Universe,  527,  528 

Uranium,  295,  297,  298,  300-304,  306 

Uranus,  300,  518,  519 

Ursa  Major,  510;  Minor,  510 

V 

Vaccination:  and  inoculation,  418,  439-441; 
and  Pasteur,  8;  for  anthrax,  8 
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Vacuoles:  defined,  310 

Vacuum,  13,  21;  cleaner,  19;  in  barometer,  13; 

in  thermos  bottle,  169;  tubes,  285-290 
Valley,  459-461 

Valve,  24,  41,  142,  160,  410;  in  air  pump,  12;  in 
water  pump,  21 
Vanadium,  112 
Vanilla,  77 

Vapor,  carbon  in  arc  lights,  265 
Vaporization,  215;  heat  of,  179 
Variation,  340,  344 
Varnish,  78 

Vascular  bundles,  326,  327 
Vegetative  reproduction,  334 
Veins,  320,  321,  326,  410 
Velocity:  defined,  134;  of  sound  in  sea  water, 
189;  of  sound  waves,  188 
Ventilation,  181 
Venus,  544 
Vernal  equinox,  532 

Vibration,  192-194;  in  sound,  186-188,  190, 
197,  198;  of  ear  drum,  196;  musical  instru¬ 
ments,  200-203;  of  ratios,  194 
Villi,  407 

Vinegar,  430;  cider,  431;  malt,  431 

Vinyl  resins,  102 

Vinylite,  102 

Vinyon,  378 

Violet  light,  155 

Violin,  201 

Vitamin,  109,  386-389,  393 
Viviparous:  defined,  338 
Vocal  cords,  197 
Voice,  197 

Volatile:  defined,  165;  oils,  381 
Volcanoes,  468,  469,  479 
Volta,  Alessandro,  260 
Voltmeter,  260 
Volts,  260,  261 
von  Welsbach,  Auer,  214 
V-2  German  rocket,  144 

W 

Wall,  cell,  310 
Warm  air,  498;  heating,  177 
Washing  compounds,  96;  soda,  69,  80,  96 
Washing  soda  (sodium  carbonate),  87,  238 
Water,  45-71,  76,  308;  aeration  of,  59;  air  in, 
17,  33;  artificial  hard,  68;  as  chemical  com¬ 
pound,  76,  88,  92;  as  fire  extinguisher,  40;  as 
steam,  46;  barometer,  13;  boiling  point  of, 
46,  52;  chemically  pure,  78;  city  supply  of, 
56-65;  composition  of,  29,  51;  condensation 
of,  30;  conductor  of  electricity,  268;  con¬ 
ductor  of  heat,  168,  169;  conservation  of,  54; 
contamination  of,  57,  58,  61;  contraction  of, 
47 ;  control  of,  62-64,  352,  353,  372 ;  cost  of, 
62;  country  supply  of,  59,  60;  cycle  of,  64; 
density  of,  61 ;  diseases  of,  57 ;  distillation  of, 
70,  78;  electrolysis  of,  51;  energy  of,  120, 
279;  evaporation  of,  67,  79;  expansion  of,  46; 
filtering  of,  59;  freezing  point,  47;  hard,  66- 
69;  heating  of,  168,  169,  179,  180;  heavy, 
298,  299 ;  hotwater  boiler,  47 ;  importance  of, 
45;  impounding  of,  64;  in  compounds,  80; 
impure,  56;  mains,  57;  minerals  in,  66,  70; 


mud,  79;  power,  30,  55,  108,  157,  281;  pres¬ 
sure,  47,  48,  56,  57 ;  pumping  system,  56,  57 ; 
pumps,  21;  purification  of,  59;  rain,  66; 
saving  of,  62-64;  soft,  66;  soil,  66;  supply 
system,  64;  table,  60;  transportation,  45, 
149,  150;  universal  need  for,  2,  45,  308,  314, 
316;  vapor,  33,  78;  waste,  62-64;  weight  of, 
47;  weight  of  objects  in,  49-51;  wheels,  53, 
121,  140 

Watershed,  56,  58 
Watt,  James,  122,  140 
Watts,  262,  263,  267 

Waves,  154-156;  carrier,  273,  287;  cause  of, 
487,  488;  cosmic,  283,  530;  electrical,  284, 
297;  infra-red,  283;  length  of,  154,  155,  237- 
239;  light,  237-240,  297;  micro,  293;  modu¬ 
lated,  287;  radio,  297;  refraction  of,  216; 
sound,  186-190,  195-197,  283;  ultraviolet 
ray,  240,  283,  387 ;  water,  187 ;  X  ray,  283, 
284,  297 

Weather,  491-508;  cycles,  504,  505;  maps,  499, 
502,  503 ;  what  determines,  492,  493 
Weeds,  3 
Weight,  135 
Well,  21,  60,  130 
Welsbach  light,  214,  215 
Wheat,  365 

Wheel,  135,  140,  142,  148;  water,  53 

Wheel  and  axle,  130 

Wheeler  Dam,  55 

White  lead  (lead  carbonate),  104 

W  hite  light,  237,  239 

Wind,  332,  487,  494,  506;  belts,  503;  land  and 
sea  breezes,  504;  trade,  503;  westerlies,  503 
W  ind  instruments,  200,  202 
W/indlass,  130 
Windpipe,  19,  20,  197,  407 
Wrine  vinegar,  431 
Winter,  532,  533;  solstice,  532 
W'ireless,  282 

Wires,  doorbell,  273,  274;  of  electromagnet, 
270,  271;  of  motor,  276,  277;  of  telegraph, 
271-273;  of  telephone,  278;  resistance,  261 
W^ood :  as  fuel,  157 ;  grain  of,  324,  327 ;  uses 
of,  374,  375;  waste,  373 
Wool,  376,  377 

Work,  121,  122,  135;  defined,  121;  measuring, 
121,  122;  unit  of,  121 
Wound,  419,  435 
Wrigglers,  436 

Wright:  Orville,  150;  Wilbur,  150 

X 

X  ray,  155,  283,  290,  292,  297-299,  303,  442 

Y 

Yeast,  428,  431;  cake,  427;  cells,  428;  commer¬ 
cial,  428;  fermentation  by,  426,  427;  plants, 
426;  types,  428 
Yellow  fever,  435-437 
Yolk  sac,  339 
Young,  care  of,  339 

Z 

Zenith,  533 
Zeolite,  69 

Zinc,  37,  86,  157;  oxide,  104 
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